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PARAGEAPHS FOR THE TEACHER 

{ Revised for second edition.) 

This book is made for the pupil: "Lessons with 
Plants" was made to supplement the work of the 
teacher. 

There are four general subjects in this book : the 
nature of the plant itself;' the relation of the plant 
to its surroundings; histological studies; determination 
of the kinds of plants. From the pedagogical point 
of view, the third is the least important: the writer 
has inserted it because so many schools want it. Each 
of the subjects is practically distinct, so that the 
teacher may begin where he will. Few schools will 
desire to pursue all the four parts 

The notes in small type at the ends of the chap- 
ters are intended as suggestions and to supply infor- 
mation to teachers: they are not necessarily for class 
use. The explanation of karyokinesis, for example, on 
page 239, is intended to answer frequent inquiries 
from teachers; it is not to be taught to beginners. 
The main object of the "Notes," however, is to sug- 
gest experiments and corollary observations. 

*^f ^^ ^* *^ 

tfT* ^^ ^^ ^^ 

/ 

•% 

The schools and the teachers are not ready for 

; the text-book which presents the subject from the 

view -point of botanical science. Perhaps it is better 

(v) ' 
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that the secondary schools attempt only to teach 
plants, 

A book may be ideal from the specialist's point of 
view, and yet be of little use to the pupil and the 
school. 

Every statement in an elementary text -book has 
two values, — the teaching value and the scientific 
value. An elementary text -book exists primarily for 
the purpose of teaching; and good teaching results in 
quickened perception rather than in absorption of 
facts. 

The pupil should come to the study of plants and 
animals with little more than his natural and native 
powers. Study with the compound microscope is a 
specialization to be made when the pupil has had 
experience, and when his judgment and sense of 
relationships are trained. 

One of the first things that a child should learn 
when he comes to the study of natural history is the 
fact that no two things are alike. This leads to an 
apprehension of the correlated fact that every animal 
and plant contends for an opportunity to live, and this 
is the central fact in the study of living things. The 
world has a new meaning when this fact is under- 
stood. 

The ninety and nine cannot and should not be 
botanists, but everyone can love plants and nature. 
Every person is interested in the evident things, few 
in the abstruse and recondite. Education should train 
persons to live, rather than to be scientists. 
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Now and then a pupil develops a love of science 
for science's sake. He would be an investigator. He 
would add to the sum of human knowledge. He should 
be encouraged. There are colleges and universities in 
which he may continue his studies. 

In the secondary schools botany should be taught 
for the purpose of bringing the pupil closer to the 
things with which he lives, of widening his horizon, 
of intensifying his hold on life. It should begin 
with familiar plant forms and phenomena. It should 
be related to the experiences of the daily life. It 
should not be taught for the purpose of making the 
pupil a specialist: that effort should be retained for the 
few who develop a taste for special knowledge. It is 
often said that the high -school pupil should begin the 
study of botany with the lowest and simplest forms of 
life. This is wrong. The microscope is not an intro- 
duction to nature. It is said that the physiology of 
plants can be best understood by beginning with the 
lower forms. This may be true; but technical plant 
physiology is not a subject for the beginner. Other 
subjects are more important. 

The youth is by nature a generalist. He should 
not be forced to be a specialist. 

^M^ ^^^ ^^^ ^^^ ^^^ 

^^ ^^ ^^ ^^ ^^ 

A great difficulty in the teaching of botany is to 
determine what are the most profitable topics for con- 
sideration. The trouble with much of the teaching is 
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that it attempts to go too far, and the subjects have 
no vital connection with the pupil's life. 

Good botanical teaching for the young is replete 
with human interest. It is connected with the common 
associations. 

The teacher often hesitates to teach botany because 
of lack of technical knowledge of the subject. This 
is well ; but technical knowledge of the. subject does 
not make a good teacher. Expert specialists are so 
likely to go into mere details and to pursue particu- 
lar subjects so far, when teaching beginners, as to 
miss the leading and emphatic points. They are so 
cognizant of exceptions to every rule that they qualify 
their statements until the statements have no force. 
There are other ideals than those of mere accuracv. In 
other words, it is more important that the teacher be 
a good teacher than a good botanist. One may be 
so exact that his words mean nothing. But being a 
good botanist does not spoil a good teacher. 

An imperfect method that is adapted to one's use 
is better than a perfect one that cannot be used. 
Some school laboratories are so perfect that they dis- 
courage the pupil in taking up investigations when 
thrown on his own resources. Imperfect equipment 
often encourages ingenuity and originality. A good 
teacher is better than all the laboratories and apparatus. 

Good teaching devolves on the personality and 
enthusiasm of the teacher; but subject-matter is a 
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prime requisite. The teacher should know more than 
he attempts to teach. Every teacher should have 
access to the current botanical books. The school 
library should contain these books. By consulting the 
new books the teacher keeps abreast of the latest 
opinion. 

^^* ^^^ ^^^ ^^^ 

When beginning to teach plants, think more of 
the pupil than of botany. The pupil's mind and sym- 
pathies are to be expanded: the science of botany is 
not to be extended. The teacher who thinks first of 
his subject teaches science ; he who thinks first of 
his pupil teaches nature -study. 

Teach first the things nearest to hand. When the 
pupil has seen the common, he may be introduced to 
the rare and distant. We live in the midst of common 
things. 

The old way of teaching botany was to teach the 
forms and the names of plants. It is now proposed 
that only function be taught. But one cannot study 
function intelligently without some knowledge of plant 
forms and names. He must know the language of the 
subject. The study of form and function should go 
together. Correlate what a plant is with what it does. 
What is this part? What is its office, or how did it 
come to be? It were a pity to teach phyllotaxy with- 
out teaching light -relation: it were an equal pity to 
teach light -relation without teaching phyllotaxy. 
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Four epochs can be traced in the teaching of 
elementary botany: (1) The effort to know the names 
of plants and to classify. This was the outgrowth of 
the earlier aspect of plant knowledge, when it was 
necessary to make an inventory of the things in the 
world. (2) The desire to know the formal names of 
the parts of plants. This was an outgrowth of the 
study of gross morphology. Botanies came to be dic- 
tionaries of technical terms. (3) The effort to develop 
the powers of independent investigation. This was 
largely a result of the German laboratory system, 
which developed the trained specialist investigator. It 
emphasized the value of the compound microscope 
and other apparatus. This method is of the greatest 
service to botanical science, but its introduction into 
the secondary schools is usually unfortunate. (4) The 
effort to know the plant as a complete organism 
living its own life in a natural way. In the begin- 
ning of this epoch we are now living. 

There is a general protest against the teaching of 
"big names" to pupils; but the pupil does not object 
to technical terms if he acquires them when he learns 
the thing to which they belong, as he acquires other 
language. When a part is discovered the name 
becomes a necessity, and is not easily forgotten. He 
should be taught not to memorize the names. The 
"hard" words of to-day are the familiar words of 
to-morrow. There are no words in this book harder 
than chrysanthemum, thermometer, and hippopotamus. 
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The book should be a guide to the plant: the 
plant should be a guide to the book. 

Plants should not be personified or endowed out- 
right with motives ; but figures of speech and para- 
bles may often be employed to teach a lesson or to 
drive home a point. 

Excite the pupil's interest rather than his wonder. 

The better the teacher, the less he will confine him- 
self to the questions at the end of the lesson. 

Botany always should be taught by the "laboratory 
method:" that is, the pupil should work out the sub- 
jects directly from the specimens themselves. It is 
easy, however, to carry the laboratory method too 
far. With beginners, it is rarely good teaching merely 
to set a young pupil a task, expecting him to work 
it out. The pupil needs suggestions, help, and the 
enthusiasm inspired by a good teacher. 

Specimens mean more to the pupil when he collects 
them. 

No matter how commonplace the subject, a speci- 
men will vivify it and fix it in the pupil's mind. 

A living, growing plant is worth a score of herba- 
rium specimens. 

Acknowledgements. — To hundreds of young people in 
many places the author is under the profoundest 
obligations, for they have instructed him in the point 
of view. Specific aid has been given by many persons. 
From the teacher's point of view, proofs have been 
read by Miss Julia E. Rogers, Minburn, Iowa ; Miss 
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proofs have been read by Dr. Erwin F. Smith, of 
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United States Department of Agriculture, and his 
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tributed to a Farmer's Reading -Course under the 
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PART I— THE PLANT ITSELF 



THE PLANT AS A WHOLE 

1. A plant is a living, gronring thing. It partakes of 
the soil and air and sunshine. It propagates its iiind and 
covers the face of the earth. It has 

much with which to contend. It makes 
the most of every opportunity. We 
shEiIl learn its parts, how it lives, and 
how it behaves. 

2. THE PARTS OF A PLAMT.— Our 
familiar plants are made up of several 
distinct parts. The most prominent of 
these parts are root, stem, leaf, flower, 
fruit and seed. Fig. 2. Familiar plants 
differ wonderfully in size and shape, — 
from fragile mushrooms, delicate water- 
weeds and pond-senms,to floating leaves, 
soft grasses, coarse weeds, tall bushes, 
slender climbers, gigantic trees, and 
hanging moas. See frontispiece. 

3. THB STEM PART.— In most plants 
there is a main central part or shaft on « * b u t 

which the other or secondary parts are iiioniiii the tuIous paita. 
A (1) 
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borne. This main part is the plant axis. Above ground, 
in familiar plants, the axis bears the branches, leaves 
and flowers; below ground, it bears the roots. 

4. The rigid part of the plant, which persists over win- 
ter and which is left after leaves and flowers are fallen, is 
the framework of the plant. The framework is composed 
of both root and stem. When the plant is dead, the 
framework remains for a time, but it slowly decays. The 
dry winter stems of weeds are the framework or skeleton 
of the plant. Figs. 3 and 4. The framework of trees is 
the most conspicuous part of the plant. 

5. THE ROOT PART. — The root bears the stem at its 
apex, but otherwise it normally bears only root-branches. 
The stem, however, bears leaves, flowers and fruits. 
Those living surfaces of the plant which are most exposed 
to light are green or highly colored. The root tends to 
grow downward, but the stem tends to grow upward toward 
light and air. The plant is anchored or fixed in the soil by 
the roots. Plants have been called "earth parasites." 

6. THE FOLIAGE PART. — The leaves precede the flowers 
in point of time or in the life of the plant. The flowers 
always precede the fruits and seeds. Many plants die when 
the seeds have matured. The whole mass of leaves of any 
plant or any branch is known as its foliage. 

7. THE PLANT GENERATION.— The course of a plant's 
life, with all the events through which the plant naturally 
passes, is known as the plant's life-history. The life- 
history embraces various stages or epochs, as dormant seed, 
germination, growth, flowering, fruiting. Some plants run 
their course in a few weeks or months, and some live 
for centuries. 

8. The entire life -period of a plant is called a genera- 
tion. It is the whole period from birth to normal death, 
without reference to the various stages or events through 
which it passes. 
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9. A generation begins with the young seed, not with 
germination. It ends with death — that is, when no life is 
left in any part of the plant, and only the seed or spore 
remains to perpetuate the kind. In a bulbous plant, as a 
lily or an onion, the generation 
does not end until the bulb dies, 
even though the top is dead. 

10. When the generation is 
of only one season's duration, 
the plant is said to be annual. 
When it is of two seasons, it is 
biennial. Biennials usually bloom 
the second year. When of three 
or more seasons, the plant is 
perennial. Examples of annuals 
are pigweed, bean, pea, garden 
sunflower; of biennials, fox- 
glove, mullein, teasel, parsnip, 
carrot ; of perennials, dock, 
meadow grass, cat -tail, and 
all shrubs and trees. 

11. DURATION OF THE 

PLANT BODY. — Plant struc- 
tures which are more or less 
soft and which die at the 

close of the season are said to be herbaceous, in contra- 
distinction to being ligneous or woody. A plant which is 
herbaceous to the ground is called an herb; but an herb 
may have a woody or perennial root, in which case it is 
called an herbaceous perennial. Annual plants are classed 
as herbs. Examples of herbaceous perennials are butter- 
cup (Fig. 2), bleeding heart, violet, water-lily, many 
grasses, dock, dandelion, golden rod, asparagus, rhubarb, 
many wild sunflowers (Figs. 3, 4). 

12. Many herbaceous perennials have short generations. 




3. Plant of a wild 
sunflower. 



4. Framework 
of No. 3. 
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They become weak with ooe or two seasons of flowering 
and gradually die out. Thus red clover begins to fall after 
the second year. Gardeners know that the best bloom of 
hollyhock, larkspur, pink, and many other plants, is 
secured when the plants are only two or three years old. 

13. HerbaeeoHS perennials which die away each season 
to bulbs or tubers, are sometimes called pseud-annuals 
( thai is, false annuals) . Of such are lily, crocus, 
onion, potato. 



5. A shrnb or boflh. Dogwood oaler. 

14. Plants which are normally perennial may become 
annual in a shorter- season climate iy being killed hy frost, 
rather than by dying naturally at the end of a season of 
' growth. Such plants are called plur-annuals in the short- 
Season region. Many tropical perennials are plur-annuals 
when grown in the north,' but they are treated as true an- 
nuals because they ripen sufScient of their crop the same 
season in which the seeds are sown to make them worth 
cultivating, as tomato, red pepper, castor bean. 



HOW PLANTS ARE MODIFIED 5 

15. Woody or ligneous plants are nsually longer lived 
than herbs. Those which remain low and produce several 
or many similar shoots from the base are called shrubs, as 
lilac, rose, elder, osier. Tig. 5. Low and thick shrubs are 
bushes. Plants which produce one main trunk and a 
more or less elevated head are trees. Fig. 6. 

16. PLANTS AfiB MODIFIED BY THE CONDITIONS m 
WHICH THEY GROW.— In most plants, the size, form and 
general appearanee vary or change with the conditions in 
tvkich tke plant grows. That is, 

there is no uniform or necessary 
form into which plants shall grow. 
No two plants are exactly alike. 
Observe plants of the same hind 
and age, and see how they differ 
or vary. The farmer and gar- 
dener can cause plants to be large 
or small of their kind, by chang- 
ing the conditions or eircomstan- 
ees under which they grow. 

17. No two parts of the same 
plant are exactly alike. No two 
parts grow in the same conditions, 
for oue is nearer the main stem, 

one nearer the light, and another ^ ^ tree. Ths w»pin« Mn*. 
has more room. Try to find two 

leaves or two branches on the same plant which are exactly 
alike. Fig. 7. 

18. Every plant makes an effort to propagate or to per- 
petuate its kind; and as far as we can see, this is the end 
for which the plant itself lives. The seed or spore is 
the final product of the plant. 

19. Every plant, — and every part of a plant, — under- 
goes vicissitudes. It has to adapt itself to the condi- 
tions in which it lives. It contends for place in which to 
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grow, and for air and light. Its life ie eventfnl. Every 
plant, therefore. Has a history and a story to tell. 

RaviBW. — Of what 
parts is a plant com- 
posed t What ii the 
, aiist What parts are 

boma on the stem t On 
the root t On what part 
are the most bigbl; col- 
ored parts found t What 
direction does the root 
taket The stemT How 
are plants anchored in 
the soilT In what order 
7. There «8 no two braneliea »lrt8. ^'> '*>« different parts ap- 

pearT What is meant bj 
the lile-bistoryt What are some of the stages or events in the life- 
historjf At what point does a generation begin f When endt B7 what 
means does the uextgeneration beginT What is an Annualt BiennialF 
Perennialf Herbaceous perennial 1 Psead-annual T Shrub f Bushf 
Treet Give three ezamples of each of these classes, not mentioning 
any given in the book. What is aplur-annualT Why are no two parts 
or planta exactly aliket What is the final effort of every plantT Why 
is the life of a plant eventCult 

Note. — The teacher may assign each pupil to one plant in the 
school yard, field, or in a pot, and ask him to bring out the points in 
the lesson. 



CHAPTER II 
THB ROOT 

20. THE HOOT SYSTEM.— The offices of the root are to 
hold the plant in place, and to gather food. Not all the 
food materials, however, are grathered by the roots. 

21. The entire mass of roots of any plant is called its 
root system. The root system may be annual, biennial or 
perennial, herbaceous or 

woody, deep or shallow, 
large or small. 

22. KIHDS OF EOOTS.— 
A strong leading central 
root, which runs directly 
downwards, is a tap-root. 
The side or spreading roots are 
smaller. Plants which have 
root system are said to be tap 
Examples are red clover, beet, 
radish, burdock, dandelion. ] 

23. A fibrous root systen 
which is composed of many 
equal slender branches. The 
number of plants have fibrou 
Examples are many common 
wheat, oats, corn, and mos 
The buttercup in Fig. 2 has a 
root system. 

24. SHAPE AND EXTENT OF THE HOOT SYSTEM.— The 
depth to which roots extend depends on the kind of plant, 
and the nature of the soil. Of most plants the roots 

(7) 
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extend far in all 
directions and lie 
comparatively near 
the surface. The 
roots usually radi- 
ate from a commoD 
point just beneath 
the surface of the 
ground 

25. The roots 
go here and there 
in search of food, 

0. The crooked roots eipoaed where the eoU haa often extending 

been washed bw«,. ^^^^ farther in all 

directions than the spread of the top of the plant. Roots 
tend to spread farther in poor soil than in rich soil. The 
root has no such definite form as the stem has. Roots are 
usually very crooked, because they are constantly turned 
aside by obstacles. Fig, 9. Kxnminfl 
roots in stony or gravelly soil. 

26. The extent of root surfaci 
ally very large, for the feedin 

are fine and very 

numerous. An 

ordinary plant of 

Indian corn may 

have a total length 

of root (measured lO. The brKing bnttrBHasi of 

as if the roots were ' ** """' 

placed end to end) of several hundred feet. 

27. The fine feeding roots are most abun- 
dant in the richest soil. They are attracted by 
the food materials. Roots often will completely 
surround a bone or other morsel. When roots 
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them are horizontal and lie near the top of the ground. 

Some roots, as of willows, go far iyi search of water. They 

often run into wells and drains, and into 

the margins of creeks and ponds. Grow 

plants in a long narrow box, in one end of 

which the soil is . kept very dry and in the 

other moist: observe where the roots grow. »._ 

28. The feeding surface of the roots is 
near their ends. As the roots become 
old and hard, they serve only as channels 
through which food passes and as hold -fasts 
or supports for the plant. The root-hold 
of a plant is very strong. Slowly pull — ^ 
upwards on some plant, and note how **' 
firmly it is anchored in the soil. With the 
increase in diameter, the upper roots often 
protrude above the ground and become 
bracing buttresses. These buttresses are 
usually largest in trees which always have 
been exposed t^ strong winds. Fig. 10. 

29. THE RObi^-HAIRS.—The larger part 
of the nourishment gathered by the root 
is taken in through root-hairs. Fig. 11. 
These are very delicate prolonged surface 
cells of the roots. They are borne for a 
short distance just back of the tip of the 
root. 

30. The root -hairs are very small, often 
invisible. They, and the young roots, are 
usually broken off when the plant is 
pulled up. They are best seen when 
seeds are germinated between layers of 
dark blotting paper or flannel. On the I 
young roots, they will be seen as a mould- ^^- ^^"*^ ^°°*^ °* 

,., ,., . .^ trumpet creeper 

like or gossamer - like covering. Root- or tecoma. 
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10 THE BOOT 

hairs soon die : they do not grow into roots. New ones 
form as the root grows. 

31. AERIAL ROOTS.— Although most roots bury them- 
selves in the soil, there are some which grow above ground. 
These usually occur on climbing plants, the roots becoming 



supports or ful&lling the ofBce of tendrils. These aerial 
roots usually turn away from the light, and therefore enter 
the crevices and dark places of the wall or tree over which 
the plant climbs. The trumpet creeper (Fig. 12), true or 
English ivy, and poison ivy, climb by means of roots. 

32. In some plants, all the roots are aerial; that is, the 
plant grows above ground, and the roots gather food from 
the air. Such plants usually grow on trees. They are 
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known as. epiphytes or air-plants (Chapter XIII). The 
most familiar examples are some of the tropical orchids, 
which are grown in glasshouses. Fig. 13. 

33, Some plants throw 
out aerial roots, which 
propagate the plant or 
act as braces. The 
roots of Indian corn are 
familiar. Fig. 14. Many 
flcus trees, as the banyan 
of India (Figs. 15, 16), 
send out roots from their 
branches ; when these 
roots reach the ground 
they take hold and be- 
come great trunks, thus 
spreading the top of the 
parent tree over great 
areas. The mangrove 
tree (Fig. 17) of the 
tropics grows along sea- 
shores and sends down 
roots from the overhanging branches into the shallow 
water, and thereby gradually marehes into the sea. The 
tangled mass behind catches the drift, and soil is formed. 

Review.— What U the root forf What ie a root systemf Define 
tap-root. Fibrous root. What determines how deep the root may got 
How far does the root spread T Explain what form the root sys- 
torn may assume; also what extent. Where are the greatest num- 
ber of fine roots found T Where is the feeding surfaee of rootsi Of 
what use to the plant are the old woody roots? What are root- 
hairsT What do they do and what beeomea of themT What are aerial 
roots! Where found f What are epiphytes, and where do their 
roots gTOwT What are brace rootsf How do the banyan and man- 
grove spread (aside from stedsjT 

Note.— The pupil should see the root-haira. A week before this 
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lesBoa is studied, have the papil place seeds of radiab, taraip or cab- 
bage between folds of thiek cloth or blotting paper. Keep the cloth 
or paper moiat and warm. The hairs show beat against a dark back- 
ground. In some of the blotting papers, sprinkle sand : observe bow 
the root-hairs cling to the grains (compare Chapter XI). 

The pupil also should study the root-bold of a plant. Let bim 
carefully pull up a plant. If a plant grow alongside a fence or other 
rigid object, he may test the root-hold by securing a string to the 
plant, letting the string hang over the fence and then adding weights 
to the string. Will a stake of similar size to the plant and extending 
no deeper in the ground, have such firm hold on the soil f 
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CHAPTER III 

THE STEM 

34. THE STEM SYSTEM.— The Stem of a plant is the 
part which bears the buds, leaves, flowers and fruits. Its 
office is to hold these parts up to the light and air ; and 
through its tissues the various food -materials and the life- 
giving fluids are distributed to 
the growing and working parts. 

35. The entire mass or fabric 
of stems of any plant is called 
its stem system. Figs. 4, 18. 
The stem system may be her- 
baceous or woody, annual, bien- 
nial, or x)erenuial', and it may 
assume many different sizes and 
shapes. 

36. Stems are of many forms. 
The general way in which a 

16, si™^tem^ot "^w'e t™- plant grows is Called its habit. 
The habit is the appearance or 
looks. Its habit may be open or loose, dense, straight, 
crooked, compact, straggling, climbing, erect, weak, strong, 
and the like. The roots and leaves are the important 
functional or working parts : the stem merely connects 
them, and its form is exceedingly variable. 

37, KIMDS OF STEMS. — The stem may he so short as to 
be scarcely distinguishable. In such cases the crown of the 
plant — that part just at the surface of the ground — bears 
the leaves and flowers; but this crown is really a very short 
stem. The dandelion. Fig. 8, is an example. Such plants 
(14) 
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ara ofteo said to be stemless, however, in order to dis- 
tingiiiBh them from plants which have long or conspicuous 
stems. These so-called stemless plants die to the ground 
every year. 

38. Stems are erect when they grow straight up. Figs. 
1, 2, 3. They are trailing or creeping when they ran 
along on the ground. Fig, 19. They are decumbent 
when they lop over to the ground. They are ascending 
when they lie mostly or in part on the ground but stand 
more or less upright at their ends. They are climbing 
when they cling to other objects for support. Figs. 12, 20. 

39. Trees in which the main trunk or the "leader" 
continues to grow from its tip are said to be excurrcnt in 
growth. The branches are home along the sides of the 
trunk, as in common pines (Fig. 21) and spruces. Exeur- 
rent means running out or running wp. 

40. Trees in which the main trunk does not continue 
are said to be deliquescent. The branches arise from one 

- --■■■' -" from each other. 

he branches. The 
, maple, elm, oak, 
les. Deliquescent 
melting away. 
of plant has its 
own peculiar 
habit or direc- 
tion of growth. 



grow to a single 
stem or trunk, 

.„ , , ,,^ , , pear trees are 

always deliques- 
cent, morning-glories are always climbing, strawberries 
are always creeping. We do not know why each plant 
has its own habit ; but the habit is in some way asso- 



16 THE STEM 

dated with the plant's genealogy or with the way in 

which it has been obliged to live. 

42. The stem may be simple or branched. A simple 

stem usually grows from the terminal bud, and side 
branches either do 
not start, or, if they 
start, they soon per- 
ish. Mulleins (Fig. 
22) are usually sim- 
ple. So are palms. 

43. Branched 
stems may be of very 
different habit and 
shape. Some stem 
systems are narrow 
and erect: these are 
said to be strict. 
Others are dif- 
fuse, open, branchy, 
twiggy. 

44. STEMS vs. 
ROOTS. — Roots 
sometimes grow 
above grouud (31- 

20. QcBpe vine climbinE ou a tree. UluatraHiyt ^3) ; SO, alsO, StemS 

two kinds ot sieniB. sometimBS gr&w un- 

derground, and they are then known as sutrterranean stems, 
rhizomes, or rootstocks (Fig. 23). 

45. Stems normally bear leaves and buds, and theret>y 
are they distinguished from roots. The leaves, however, 
may be reduced to mere scales, and the buds beneath 
them maybe scarcely visible. Thus the "eyes" on an Irish 
potato are cavities with a bud or buds at the bottom (Fig. 
24). Sweet potatoes have no evident "eyes" when first 
dug (but they may develop buds before the next growing- 
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season). The Irish potato is a stem: the 

sweet potato is probably a root. 

46. HOW STEMS ELONGATE.— Boo/s elongate 

by growing near the tip. Stems elongate by 

growing more or less throughout the young 

or soft part or "between joints." But any 

part of the stem soon reaches a limit beyond 

which it cannot grow, or becomes "fixed;" 
and the new parts beyond 
elongate until they, too, 
become rigid. When a part 
of the stem once becomes 
fixed or hard, It never in- 
creases in length: that is, 
Ike trunk or woody parts 
never grow longer or higher; 
branches do not become far- 
ther apart or higher from 

the ground. ^- Old mullein 

47. ihe different re- strict bubit of 
gions of growth in stems «""">>■ 
Bi. Emnmnt tmnk. ^^^ roots may be obsefvcd in seedling 
plants. Place seeds of radish or cabbage 
between layers of blotting-paper or thick cloth. Keep , 
them damp and warm. When stem and root have grown 
an inch and a half long each, with waterproof ink 
mark spaces exactly one-quarter inch apart. Keep the 
plantlets moist for a day or two, and it will be found that 
on the stem some or all of the marks are more than one- 
quarter inch apart ; 
on the root the marks 
have not separated. 
The root has grown -_';."'-' 
beyond the last mark. 
Figs. 25 and 26. 
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Review. — Wbftt is the stem 
^stemf What does the stem dot 
How long maj the etem persist f 
What IB meant by the habit ot » 
plautt Name some kioda of habit. 
Wbatareso-calledHtemleBBplantaT 
Whfttiathecrownl What becomes 
of the tops of steniless plants T 
What are erect, trailing, decum- 
bent, ascending, climbing stemst 
What are e^current trunksf Deli- 
queacentl What ia a simple atemt 
What are strict stems I What 
are eiibterraneaa 
Bt«ms t How are 
stems distinguished from rootsT What is the differ- 
ence in mode of growth between etems and rootsT 

NoTE.^The pupil should make marks with water- 
proof ink (as Higgins' ink or indelible marking ink) 
on any soft growing Btema— aa geranium, fuchsia, 
grass, the twigs of trees. Note that the separation of 
the marks is most evident on the youngest shoots. 

The pupil Bhoutd observe the fact that a stem of 
i plant has wonderful strength. Compare the pro- 



— Potato. 



portionate height, diameter . 
with those of the slen- 
derest tower or steeple. 
Which has the greater 
strength T Which the 
greater height t Which 
will withstand the most 
windf Note that the 
grass stem will regain its 
position even if its top 
is bent to the ground. 
Split a corn stalk and 
observe how the joints 
are tied together and 
braced with fibers. Note 
how plants are weight- 
ed down after a heavy 



□d weight of a 
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CHAPTER IV 



PROPAGATION B7 MEANS OF ROOTS AND STEMS 



48. The primary office of roots and stems is to support 
and maintain the plant; but these parts may also serve to 
propagate the plant, or to produce new individuals. 

49. PROPAGATION BY MEANS OF RHIZOMES.— One office 
of subterranean stems or rhizomes is to propagate the plant. 
Each stem has a bud at its end, and from this bud a 
shoot arises. By the dying away of the older part of 
the rhizome, this shoot becomes a separate plant, although 
the rhizome maintains its connection for years in some 
plants. Shoots may also arise from the intermediate or 

lateral buds, but the strongest shoots usually 
arise from the end or near the end of the 
rhizome. Fig. 23. 

50.* Each successive plant is farther re- 
moved from the original plant or tiie start- 
ing-point of the colony. Thus the colony 
or "patch" grows larger. Familiar examples 
are the spreading patches of mandrakes or 
May apples, quack-grass, Solomon's seal, 
lily -of -the -valley, ferns. Cannas propagate 
by means of rhizomes ; so does ginger, and 
the "roots" can be purchased at the drug 
store. Fig. 27 illustrates the spread of a 
colony of wild sunflower. On the right the 

rhizomes have died away: 
note the frayed ends. On 
the left, the strong up-turned 
buds show where the shoots 

(19) 




27. Creeping rhizomes of wild nmflower. 
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ivill arise next spring. The old stems in the middle 
show where the buds were at the close of the last season. 
Fig. 23 shows one of the terminal buds. 

51. When rhizomes are cut in pieces, each piece having 
at least one bud or "eye," the pieces may grow when planted. 
A familiar example is the practice of dividing tubers of 
potato. A severed piece of plant designed to be used to 
propagate the plant is a cutting. See Fig. 28. 



52. Cuttings of rhizomes are often made undesignedly 
or accidentally when land is cultivated. The cultivator or 
harrow breaks up the rhizomes of quack-grass, Canada 
thistle, toad flax, and other weeds, and scatters them over 
the field. 

53. PROPAGATION BY MEANS OF ROOTS.— Roots some- 
times make buds and throw up shoots or new plants. 
Severed roots, or root cuttings, often grow. Blackberries, 
raspberries, and many plums and cherries, throw up shoots 
or "suckers" from the roots; and this propensity is usu- 
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ally increased when the roots are broken, as by a plow. 
Broken roots of apples often sprout. Plants may propa- 
gate by means of root cuttings. 

54. The buds which appear on roots are unusnal or 
abnormal, — they occur only occasionally and in no definite 
order. Buds appearing in unusual places on any part of 
the plant are called adventitious buds. Such are the buds 
which arise when a large limb is cut off, and from which 
suckers or watersprouts arise. 

55. LAYEKS. — Roots sometimes arise from aerial stems 
that are partially buried. If a branch touches the ground 
and takes root, it is called a 

layer. Gardeners often bend a 
limb to the ground and cover it 
for a short distance, and when 
roots have formed on the cov- 
ered part, the branch is severed 
from its parent and an inde- 
pendent plant is obtained. See 
Fig. 29. 

56. There are several kinds of 

layers: a creeper, when a trail- ^ ^ ^„ „, ,^^^^ ^^ 

ing fihoot takes root throughout new pluit hu anUD at 

its entire length; a runner, when Uieiett, 

the shoot trails on the ground and takes root at the 
joints, as the strawberry; a stolon, when a more or less 
strong shoot bends over and takes root, as the black 
raspberry or the dewberry (Fig. 29); an offset, when a 
few very strong plants form close about the base of the 
parent, particularly in succulent or bulbous plants, as 
house-leek (old -hen -and -chickens) and some lilies. The 
rooting branches of the mangrove and banyan (Figs. 
15, 17) may be likened to layers. 

57. nATDBAL CDTTIHGS. — Sometimes cuttings occur 
without the aid of man. Some kinds of willows shed 
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their twigs, or the storms break them off : many of these 
twigs take root in the moist earth where willows grow, and 
they are often carried down the streams and are washed 
along the shores of lakes. Observe the willows along a 
brook, and determine whether any of them may have come 
down the stream. 

58. PROPAGATION BY MEANS OF LEAVES.— Even leaves 
may take root and give rise to new plants. There are 
examples in warm countries. The lake -cress of northern 
streams also propagates in this way: the leaves with little 
plants attached may often be seen floating down stream. 
Gardeners propagate some kinds of begonias by means 
of leaf cuttings; also gloxinias and bryophyllums. 

59. PROPAGATION BY MEANS OF BUDS,— Buds often 

become detached and propagate the plant. Familiar 

examples are the bulblets of tiger lilies, borne 

amongst the foliage ; for all bulblets and 

bulbs are only special kinds of buds. Fig. 30. 

Some water plants make heavy winter buds, 

which become detached on the approach of 

cold weather and sink to the bottom. In 

* spring, they give rise to new plants. 

60. GRAFTS. — Sometimes a branch may 
30. Bidbietof unite with another plant. A branch or a 

trunk may lie against another plant of the 
same kind, or of a very closely related kind, and grow fast 
to it; and if its original trunk die away, the part will be 
growing on an alien root. A branch which grows fast 
to a branch of another plant, the wood of the two knit- 
ting together, is called a graft. Fig. 31. It is necessary 
to distinguish between a graft and a parasite: a parasite 
preys upon another plant, robbing it of its food, but a 
graft becomes an integral part of the stock on which it 
grows, and does its full work in elaborating food for 
itself and for the stock. 




REVIEW Zd 

Bbtibw. — What are primary and eec- 
ondary offices or roots and stemst What 
are the offices of rhizomes T How does 
propagation by rhizomes proceed J Why 
does the colony spread T Name some 
plants which propagate by means of rhi- 
zomes. What is a cutting? May cuttings 
be made of rhizomesf How are rMzom- 
atous weeds often spread f How do roots 
serve to propagate the plantt Name in- 
stances. What are adventitious budst 
What is a layer! DeGne some of the 
kinds ot layers,— runner, creeper, stolon, 
offset. Explain how cuttings may ocear 
without the aid of man. Row may leaves 
serve to propagate the plantt Explain 
how plants propagate themselves by 
means of detachable buds. What is a 
graftT How may grafting take place 
without the aid of manT 

Note. — II there is an accessible 32 a native eraft. 

"patch" of toad-flas, Canada thistle, 

May apple, or other pereanial plant, the pupil should determine by 
what means it enlarges from year to year. "Patches" are always 
Instmctive when considered with reference to propagation and dis- 



CHAPTER V 

HOW THE HORTICULTURIST PROPAGATES PLANTS 
, BT MEANS OF ROOTS AND STEMS 

61. CUTTINGS IN GENERAL.— J. bit of a plant stuck 
into the ground stands a chance of growing; and this hit 
is a cutting. (Compare 51.) Plants have preferences, 
however, as to the kind of a bit which shall be used, 
but there is no way of telling what this preference is 
emept by trying. In some instances this preference has 
not been discovered, and we say that the plant cannot 
be propagated by cuttings. 

62. Most plants prefer that the cutting be made of 
the soft or growing parts (called "wood" by gardeners), 
of which the "slips" of geranium and coleus are examplc^s. 
Others grow equally well from cuttings of the hard or 
mature parts or Tvood, as currant and grape ; and in 
some instances this mature wood may be of roots, as in 
the blackberry. Pupils should make cuttings now and 
then. If they can do nothing more, they can make cut- 
tings of potato, as the farmer does ; and they can plant 
them in a box in the window. 

63. THE SOFTWOOD CUTTING.— The softwood cutting 
is made from tissue which is still growing, or at least 
from that which is not dormant. It comprises one or 
two joints, with a leaf attached. Figs. 32, 33, 34. It 
must not be allowed to wilt. Therefore, it must be 
protected from direct sunlight and dry air until it is 
well established; and if it has many leaves, some of them 
should be removed, or at least cut in two, in order to 
reduce the evaporating surface. The soil should be uni- 

(24) 
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formly moist. The pictures show the depth to which 
the cuttings are planted. 

64. For most plants, the proper age or maturity of 
wood for the making of cuttings rtiay be determined by 
giving the twig a quick 
bend: if it snaps and 
hangs by the bark, it is 
in proper condition ; if 
it bends without break- 
ing, it is too young and 
soft or too old; if it 
splinters, it is too old 
and woody. The tips of 
strong upright shoots 




32. Geranium cutting. 



33. Carnation 
cutting. 



usually make the best 
cuttings. Preferably, each cutting should have a joint 
or node near its base; and if the internodes (or spaces 
between joints) are very short, it may comprise two or 
three joints. 

65. The stem of the cutting is inserted one -third or more 
its length in clean sand or gravel, and the earth is pressed 
firmly about it. A newspaper may be laid over the bed 
to exclude the light — if the sun strikes it — and to prevent 

too rapid evaporation. The soil 
should be moist clear through, not 
on top only. 

66. Loose sandy or gravelly soil 
is used. Mason's sand is good 
earth in which to start most cut- 
tings ; or fine gravel — sifted of 
most of its earthy matter — may 
be used. Soils are avoided which 
contain much decaying organic matter, for these soils are 
breeding places of fungi, which attack the soft cutting 
and cause it to ''damp off," or to die at or near the 




34. Rose cutting. 
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surface of the ground. If the cuttings are to be grown 
in a window, put three or four inches of the earth in 
a shallow box or a pan. A soap , 
box cut in two lengthwise, so that 
it makes a box four or five inches 
deep — like a gardeuer's flat — is 
excellent. Cuttings of common 
plants, as geranium, coleus, fuch- 
sia, carnation, are kept at a living- 
room temperature. As long as the 
cuttings look bright and green, tor iranipuntim 
they are in good condition. It may be a month before 
roots form. When roots have formed, the plants begin 
to make new leaves at the tip. Then they may be trans- 
planted into other boxes or into pots. The verbena in 
Fig. 35 is just ready for transplanting. 

67. It is not always easy to find growing shoots from 
which to make the cuttings. The best practice, in that 
case, is to cut back an 
old plant, then keep it 
warm and well watered, and 
thereby force it to throw out 
new shoots. The old geran- 
ium plant from the win- 
dow-garden, or the one 
taken up from the lawn 
bed, may be treated this 
way. See Fig. 36. The 
best plants of geranium 
and coleus and most win- 
dow plants are those which 
are not more than one year 
old. The geranium and 
fuchsia cuttings which are 
made in January, Febrw 
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dry, or March will give compact blooming plants for the 
next tcinter; and thereafter new ones take their places. 
Fig. 37. 

68. THE HABDWOOD CVTTmo.—Best results are secured 
when the cuttings are made in the fall and then buried 
until spring in sand in the cellar. These cuttings are 
usually 6 to 10 inches loug. They are not idle while they 
rest. The lower end calluses or heals, and the roots 
form more readily 

when the cutting 
is planted in the 
spring. But if the 
proper season has 
passed, take cat- 
tings at any time in 
winter, plant them 
in a deep box in the 
window, and watch. 
They will need no 
shading or special 
eare. Grape, cur- 
rant, gooseberry 
and poplar readily 
take root from the 

hardwood. Fig. 38 ^- ^"^ winter aeranluni, from a iprlng cnttlnB, 

shows a currant cutting. It has only one bud above the 
ground. 

69. THE GRAFT. — When the cutting is inserted in a 
plant rather than in the soil, we have a graft ; and the 
graft may grow. In this case the cutting grows fast 
to the other plant, and the two become one. When the 
cutting is inserted in a plant, it is no longer called a 
cutting, hut a cion ; and the plant in which it is inserted 
is called the stock. Fmit trees are grafted m order that 
a certain variety or kind may he perpetuated. 
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70. Plants have preferences as to the stocks on which 
they will grow ; hut we can find out what their choice is 
only by making the experiment. The pear grows well 

on the quince, but the quince does not 
grow so well on the pear. The pear grows 
on some of the hawthorns, but it is an un- 
willing subject on the apple. Tomato 
plants will grow on potato plants and 
potato plants on tomato plants. When 
the potato is the root, both tomatoes and 
potatoes may be produced ; when the to- 
mato is the root, neither potatoes nor 
tomatoes will be produced. Chestnut will 
grow on some kinds of oak. 

71. The forming, growing tissue of the 
stem (on the plants we have been dis- 
cussing) is the cambium, lying on the out- 
side of the woody cylinder, beneath the 
bark. In order that union may take place, 
the cambium of the cion and of the stock 
must come together. Therefore the cion 
is set in the side of the stock. There are 
many ways of shaping the cion and of 
preparing the stock to receive it. These ways are dictated 
largely by the relative sizes of cion and stock, although 
many of them are matters of mere personal preference. 
The underlying principles are two : securing close con- 
tact between the cambiums of cion and stock ; covering 
the wounded surfaces to prevent evaporation and to 
protect the parts from disease. 

72. On large stocks the commonest form of grafting is 
the cleft-graft. The stock is cut off and split; and in one 
or both sides a wedge-shaped cion is firmly inserted. 
Pig. 39 shows the cion; Fig. 40, the cions set in the stock; 
Pig. 41, the stock waxed. It will be seen that the lower 



38. Currant cutting. 
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bud — that lying in the wedge — is covered by the wax; but 
being nearest the food supply and least exposed to weather, 
it is the most likely to grow : it will push through the 
wax. 

73. Cleft -grafting is done in spring, as growth begins. 
The dons are cut previously, when perfectly dormant, and 



from the tree which it is desired to propagate. The eious 
are kept in sand or moss in the cellar. Limbs of various 
sizes may be cleft -grafted, — from one-half inch up to four 
inches in diameter; but a diameter of one inch is the most 
convenient size. All the leading or main branches of a 
tree-top may be grafted. If the remaining parts of the 
top are gradually cut away and the cions grow well, the 
entire top will be changed over to the new variety. 

Review.— How do we determiDe how a plant niaj be propngatedf 
Mention any plants that grow from cuttings. What are Boftwood 
enttingBT HardnoodT Describe a geranium cutting. What is the 
proper condition of wood for making a softwood cuttingT Hon is it 
plantedT Wheret In what kind of soilT Give directions for watcr- 
inf;. How niny cutting-wood besecaredf Describe S hardwood cut- 
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ting. Whan is it madet Name plants which can be propagated easily 
by means of hardwood cuttings. What is a cionf Stock? How do 
we find out wbat stocks are congenial to the cionT Describe a cleft' 
graft. When is e left -grafting perforraedT Why do we grafti 

Note. — The outting-boi may be set in the window. II the box 
does not receive direct sunlight, it may be covered with a pane of 
glass to prevent evaporation. Take care that the air is not kept 
too close, else the damping-off fungi may attack the cuttings, alid 
they will rot at the surface of the ground. See that the pane is 
raised a little at one end to afford ventilation ; and if water collects 
in drops on the under side of the glass, remove the pane for a time. 

Grafting wax is made of beeswax, resin, and tallow. The bands 
are greased, and the wax is then worked until it ia soft enough to 
spread. For the little grafting which any pupil would do, it is 
better to buy the wax of a seedsman. However, grafting is hardly t<i 
be recommended as a general school diversion, as the making of cut- 
tings is ; and this account of it is inserted chiefly to satisfy the 
general curiosity on the subject. But now and then a pupil msy 
make the effort lor himself, for nothing is more exciting than to 
make a graft grow all by one's self. 

The pictures of the cuttings (Figs. 32-35, 38) and the grafts 
(Figs, 39-41) ate one-third natural size. 



CHAPTER VI 

FOOD RESERVOIRS 

74. STOKBHOUSES. — All greatly thickened or congested 
parts are reservoirs for the storage of plant-food. This 
food is mostly starch. Potatoes, beets, turnips, thick 
rhizomes, seeds, are examples. Recall how potatoes sprout 



in the cellar (Fig. 42) : the sprouts are produced from the 
stored food. 

75. The presence of starch can he determined by apply- 
ing diluted tincture of iodine to the part : if a blue or 

(31) 
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purplish brown color appears, starch is present. Cut the 
part open aud moisten the fresh surface with iodine (to 
be had at the drug store). The test will usually give 



the best reaction when the part is perfectly dormant. 

Starch may be found iu nearly all twigs in fall and 

winter. Test them. 

76. This stored plant-food enables the plant to start 

quickly in the spring, without waiting for full root-action 
to begin ; and it enables the plantlet in the 
seed to grow until it establishes itself in the 
soil. The flowers of early-blooming trees are 
developed mostly from the bourishmeut 
stored in the twigs, not from the materials 
taken iu at the time by the roots. This can 
be demonstrated by bringing branches of 
peach, apple, and other early - bloomiug 
plants into the house in the winter aud 
keeping them in water; they will bloom and 
**' '^Tnmip''"^'" sometimes even make leaves. Study Fig, 43. 
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77. KINDS OF STORBHODSIS. 



-Short and much thiek- 



s or stems are known as 
tubers, as the potato, or 



ened or swollen parts of rool 
tubers. These may be stem 
root tubers, as the sweet po' 
tato (45). Most tubers are sub' 
terranean. 

78. Many tubers are stem 
the top and root in the remain- 
ing part: these are called crown 
tubers, because the upper part 
comes to the surface of the 
ground, or is a crown. Leaves 
and stems arise from the upper 
part. Beet, radish, parsnip, 
turnip, salsify, carrot, dahlia 
roots, are examples. These 

tubers are usually much longer «- A multiplier o»io«. 

than broad, and generally taper downwards. Fig. 44, 

79. A much thickened part which is composed of scales 
or plates is a bulb. The bulb may be scaly, as in the 

lily; or it may be tuni- 

cated,— made up of plates 

or layers within layers, 

> as the onion, 

/ 80. Small bulbs which 

I are borne amongst the 

' foliage or flowers are 

known as bulblets. Such 

are the "top onions," and 

the little bulbs which the 

M. SKtion ot a niuitipiior onion. tiger lily (Fig. 30) bcars 

NBiurni size. qq ^l-g gtem. Bulbs which 

grow around the main bulb or which are formed by the 

breaking apart of the main bulb, are known as bulliels. 

Many bulbous plants propagate by means of bulbels. The 
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I multiplier or potato onion 
I (Fi^. 45) is an example. 
I If the bulb is cut across, 
it is found to have two or 
more " hearts " or cores 
(Fig. 46). When it has 
been planted a week, each 
core or part begins to 
separate {Fig. 47), and 
there are soon as many 
onions as there are cores. 
Potato onions can be 
bought of seedsmen. They 

47. BeEbmliur to seiMU-ate into Its narts- 10^.1 ' ■ d 

^p^wuTJTTiHtieoni^ a« «sed for the raismg of 

early onions. 

81. Solid bulb-like parts are known as corms. These 
usually have a loose covering, but the interior is not 
made up of scales or plates. Of such are gladiolus and 
crocus corms (Figs. 48, 49). Corms multiply by cormels 



or small corms, as bulbs do by bulbels. Fig. 50 shows 
an old gladiolus corm on which three new corms have 
grown. 

82. We have seen that thickened parts may serve one 
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or both of two purposes : they may be storehouses for 
food; they may be means of propagating the plant. 
The storage of food carries the plant over a dry or cold 
season. By makiug bulbs or tubers, the plant persists 
until spring. A lunch is put up 
for a future day. Most bulbous 
plants are natives of dry countries. 

Review.— What do you nnderstand 
by food reaerroirsl How is the preBonee 
of Btarob determinedT Where may gtarch 
be found f Of what service to the plant 
is this stored food t How are the flow- 
ers and leaves enabled to start so early '"" 
in spring t Define tuber. Boot tuber. 
Stem tuber. Crown tuber. Give examples. Define bulb. Scaly 
bulb. Tunicated bulb. Bulblet. Bulbel. Give examples. Define 
corm. Cormel. What two purposes do congested parts serve t 

Note. — The pupil should examine various kinds ol bulbs and 
tubers. If these are not at hand, many kinds can be bought of 
seedsmen or florists. Secure onion, narcissus, hyacinth, gladiolus, 
crocus, potato. Cut them in two. Study the make-up. Test them 
(or starch. Plant some of them in pots or boxes. Observe how Ihey 
grow. In the onion and some other plants most of the stored food 



.-Glkdlolus. 
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CHAPTER VII 



WINTER BUDS 



83. WHAT BUDS ARE. — Because of cold or dry weather, 
the plant is forced into a period of inactivity. We have 
seen that it stores food, and is ready to make a quick 
start in the spring. It also makes embryo branches and 
packs them away underneath close-fitting scales : these 
branchlets and their coverings are winter buds. The 
growing points of the plant are at rest for a time. In 
the warm season, the growing point is active, and the 
covering of scales is not so pronounced. A winter hud 
may he defined as a resting covered growing point. 

84. A dormant hud, therefore, is a shortened axis or 
branch, hearing miniature leaves or flowers, or hoth, and 
protected hy a covering. Cut in two, lengthwise, a bud of 
the horse-chestnut or other plant which has large buds. 
With a pin, separate the tiny leaves. Count them. Ex- 
amine the big bud of the rhubarb 
as it lies under the ground in winter 
or early spring. Dissect large buds 
of the apple and pear. Figs. 51, 52. 

85. The hud is protected hy firm 
and dry scales ; but these scales are 
only modified leaves. The scales fit 
close. Often the bud is protected %^^fn°'Ch 
by varnish ( see horse - chestnut 
balsam poplars). Most winter 
more or less woolly. Examine 
them under a lens. As we might expect, bud -coverings 
are most prominent in cold and dry climates. 

(36) 




61. 
Bud of apri- 
cot showing 
the minia- 
ture leaves. 




and 
buds 



the 
are 



leaves and 
flowers. The 
latter are the 
little knobs in 
the center. 
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DS ASE. — Buds are borne in the axils 
of the leaves, -:-iii the acute angle which the leaf makes 
with the stem. When the leaf is 
growing in the summer, a bud is 
forming above it. When the leaf 
falls, the bud remains, and a scar 
marlis the place of the leaf. Fig. 
53 shows the large leaf-scars of 
ailanthus. Observe those on the 
horse-chestnut, maple, apple, pear, 
basswood, or any tree or bush. 

87, Sometimes two or more 

buds are borne in one axil : the 

extra ones are accessory or w. Termi- 

supernumerary buds. Observe beiwofln 

S3. Loiif-«ars.— them in the Tartarian honeysnckle bTui.- 

AiUnthiia. (common in yards), walnut, but- """ ■ 

ternnt, red maple, honey locust, and sometimes in the 

apricot and peach. 

88. Shoots of many plants bear a bud at the tip: 
this is a terminal bud. It continues the growth of the 
axis in a direct line. Very often three or more buds 
are clustei-ed at the tip 

(Fig. 54); and iu this 
case there may be more 
buds than leaf - scars. 
Only one of them, how- 
ever, is strictly terminal. 

89. Bulbs and cabbage 
heads may be likened to 
buds : that is, they are 
condensed stems, with 

scales or modified leaves "■ ■* ■'e"""' bud,-Cahba«e. 

densely overlapping and forming a rounded body. Fig. 
55. They differ from true buds, however, in the fact 
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w 




58. 
The open- 
ing of 
the pear 
bud of pear. bud. 



that they are condensations of main stems rather than 
embryo stems borne in the axils of leaves. But bulblets 
^w^^^ may be scarcely distinguish- 
^^^ able from buds on the one 

hand and from bulbs on the 

other. Cut a cabbage head in 

two lengthwise, and see what 

it is like. 

90. WHAT BUDS DO.— A bud 
is a growing point. In the 
growing season it is small, 
and persons do not notice it. 
In the winter it is dormant .^^^ ^"^^* 
and wrapped up and is plainly 
seen : it is waiting. All branches spring from 
buds. 

91. All winter buds give rise to branches, 
not to leaves alone : that is, the leaves are borne 
on the lengthening axis. Sometimes the axis, 
or branch, remains very short, — so short that it 
may not be noticed. Some- 
times it grows several 
feet long. 

92. Whether the 
branch grows long 
or not depends on 
the chance it has, 

— position on the plant, soil, 
rainfall, and many other things. 
The new shoot is the unfold- 
ing and enlarging of the tiny 
axis and leaves which we saw 
in the bud. Figs. 51, 52. If 
the conditions are congenial, the shoot may form more 
leaves than were tucked away in the bud, but commonly 



56. Willow. 
The " pus- 
sies" are 
pushing 
out, and 
a large 
black bud- 
scale is 
ready to 
fall from 
the base 
of each. 




59. Hickory 
buds. 



6D. Growth is 
progressing. 
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it does not. The length of the shoot usually depends more 
on the lengths between joints than an the numier of leaves. 

93. HOW BUDS OPES.— When the bud 
swells, the scales are pushed apart, the 
little axis elongates and pushes out. In 
most plants, the outside scales fall very 
soon, leaving a little ring of sears. Notice 
peach, apple, plum, willow, and other 
plants. Fig. 56. In others, all the scales 
grow for a time, as in the pear, Figs. 
j,«[_ 57, 58. In other plants, the in- 

j^^i ner bud-scales become green and 

^^^f almost leaf-like. See the maple 
^T and hickory. Fig. 59 shows a 

hickory bud. Two weeks later, si. Opening of ths 
"^ti^ei^in the young shoot had pushed out "™" *"^' 

cioaifl?^ and the enlarged scales were banging (Fig. 60), 

ISTm."™ 94, Sometimes flowers come out of the buds. 

Ha open- Leaves may or may not accompany the flowers. 

o^odi'^i We saw the embryo flowers in Fig. 52. The 

Ml; ei^ bud is shown again in Fig. 57. In Fig. 58 it is 

'™''"'- opening. In Fig. 61 it is 
more advanced, and the woolly un- 
formed flowers are appearing. In 
Fig. 62 the growth is more advanced. 
In Fig. 63 the flowers are full blown; 
and the bees have fonnd them. 

95. Buds which contain or pro- 
duce only leaves are leaf-buds. Those 
which contain only flowers are flower- 
buds or fruit-buds. The latter occur 
on peach, almond, apricot, and many 
very early spring-flowering plants. *^- ^^" '" '"" '''™'"- 
Fig. 64. The single flower is emerging from the apricot 
bud in Fig. 65. Those which contain both leaves and 
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flowers are mixed buds, as in pear, apple, and most late 
spring-flowering plants. 

96. Fruit-buds are usually thicker 
or stouter than leaf-huds. They are 
borne in different positions on differ- 
f';| ent plants. In some plants 

I'Mbw (^PPl^i pear) they are on the 
||HI^ ends of short bi'anehes or 
t^f spurs ; in others (peach, red 

'I'M maple) they ai'e along the 

>'' sides of the last year's 

The^opfln- growths. In Fig. 66 are 
64. Almond flower-thB flUivenhort showH three fruit-buds and 
solo oempant ot » bud. of aprieot. one leaf- bud on E, and leaf- 
buds on A. In Fig. 67 a fruit- bud is at the left, and a 
leaf-bad at the right. 

97. THE "BURST OF SPRING" 
means chiefly the opening of the . 
buds. Everything was made 
ready the fall before. The embryo 
shoots and flowers were tucked 
away, and the food was stored. The 
warm rain falls, and the shutters 
open and the sleepers wake : the 
frogs peep and the birds eome. 

Review. —What are dormant budaf 
What are they fori What is their eover- 
ingf Where are they borne? When are 
theyformedf What is a leaf-scart What 
are accessory budst What other name is 
applied to thetnT Define terminal bud. 
What does it dof What are bulbs and 
cabbagesl How do they differ from 
budsl What do buds dot From what do 
branchea arisef To what do winter buds 
give riset What determines whether the 
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branch shall be long or ehortT Describa the opening ot a bud. 
What are flower-buds I Leaf-bndBl Mixed buds? How may fruit- 
buds be distinguished t What is the " burst ol 
spring "T 

Note.— It is easy to see the swelling of 
the buds in a room in winter. Secure branches 
of trees and shruba, two to three feet long, and 
stand them in vases or jars, as ;ou would flow- 
ers. Renew the water frequently and cut oS 
the lower ends o( the shoots occasionally. In a 
week or two the buds will begin to swell. Of 
Ted maple, peach, apricot, and other very early- 
flowering things, flowers may be obtained in 
ten to twenty days. Try it. 

The shape, size, and color of the winter 
buds are different in every kind of plant. By 
the buda alone botanists are often able to dis- 87. Fmit-bnd mid loaf-bu.; 
tinguish the kinds ot plants. Even such similar "' apple, 

plants as the difCerent kinds of willows have good bud characters. 
The study of the kinds ot buds affords excellent training of the 
powers of observation. 



The burst ot ipriiii In 



CHAPTER VIII 
PLANTS AND StTNLIOHT 

98. BACH PLAHT LOOKS FOR LIGHT.— Green plants live 
only in sunlight, direct or indirect, The gradual with- 
drawal of light tends to weaken the plant; but the plant 

makes aa effort to reach the light 
and therefore grows towards it. The 
whole habit of a plant may be changed 
by its position with reference to sun- 
light. Select two similar plaots. 
Place one near the window and 
the other far from it. Watch the 
behavior from day to day. Pig. 
68 shows a fern which gi-ew near 
" ■ the glass in a conservatory ; Fig. 

69 shows one which grew on the floor of a conservatory. 
Fig. 69 also teaches another lesson, which is to be ex- 
plained in another chapter (Chapter XXVI). 

99. Plants grow towards the light. The most vigor- 
ous branches, as a rule, are those which receive mast light. 
Climb a tree and observe where the thriftiest shoots are; 
or observe any bush. 

100. When plants or their 
parts are not stiff or rigid, they 
turn towards the light if the light 
comes mostly from one direction. 
The geraniums and fuchsias in 
the window are turned around 
occasionally so that they will grow 
symmetrical. Plant radish in a 

{«) 
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pot or pan. When the plants are three or fonr inches 
high, place the pan in a tight box which has a hole on 
one side. The next day it will look like those in Fig. 70. 
This taming towards the light is called heliotropism 
{kelios is Greek for "sun.") 

101, Even under natural con- 
ditions, plants become misshapen 
or unsymmetrical if the light comes 
mostly from one direction. On the 
edge of a forest, the branches 
reach out for light (Fig. 71) 
Trees tend to grow away from a 
building. Branches become fixed 
in their position, so that even 
in winter they tell of the search 

TO. 8»«hin« tor light. fg^ light {Fig. 72). 

102. Some plants climb other plants in order to reach 
the sunlight; or they climb rocks and buildings. Notice 
that the vine on the house luxuriates where it is lightest. 
Climbing plants sometimes choke and smother the plant 
on which they climb. This they may do by throwing 
their mantle of foliage over it, and smothering it, or by 
Bending their roots into its trunk and robbing it of food. 
Sometimes they do both, as in Pig. 74. Every plant has 
a story to tell of the value of sunlight. 

103. EACH BBAMCH LOOKS FOR LIGHT.— The plant is 
made tip of branches. There is a struggle amongst the 
branches for sunlight. We have seen (Fig. 7) that no 
two branches are alike : we now know one reason why. 
Notice that the small branches die in the center of the 
tree. Look on the inside of a pine, spruce or other dense 
tree. Every branch has a story to tell of the value of 
sunlight. 

104. BACH LEAF LOOKS FOR LIGHT. — Leaves are borne 
towards the ends of the branches. This is particu- 
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larly marked when the strogele ia severe. If the out- 
side of a plant is densely thatched with leaves, the 
inside will be found to be comparatively bare. Con- 



71. Branches of the cod»r reBOhlnE for Ueht. 

trast Figs. 75 and 76, both being views of one tree. 
We know the tree as seen in Fig. 75 : the eqairrel 
knows it as seen in Fig. 76. 

105. On any branch in a very thick-topped tree or 
bush, leaves of equal age usually tend to be largest where 
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the light is best. 
Leaves which grow 
in full sunlight 
tend to persist later 
in the fall than 
those which grow 
in poor light (Fig. 
77). This fact is 
sometimes ob- 
scured because the ■"■ '^* branch™ have crown towards the light. 

outermost leaves are most exposed to autumn winds. 

106. Plants which start in cellars, from seeds, bulbs, 
or tubers, grow until the stored food is exhausted and 
then die: the leaves do not develop to full size in 
darkness. Figs. 78 and 79 show this. Fig. 78 is rhu- 
barb forced in a cellar for the winter market; Fig. 79 
is a plant grown out-of-doors. Compare Fig. 42. 

107. The position or direction of leaves is determined 

largely by exposure to sun- 
light. In temperate cli- 
mates, they usually hang 
in sueh a way that they 
receive the greatest 
amount of light. Ob- 
serve the arrangement 
of leaves in Fig. 80. 
One leaf shades the other 
to the least possible de- 
gree. If the plant were 
placed in a new position 
with reference to light, 
the leaves would make 
an effort to turn their 
blades. Observe the 



46 PLANTS AND SUNLIGHT 

ta Fig. 75. If the pupil were to examine the leaves on the 
Norway maple, which is photographed in Fig. 75, he would 
find that leaves which are not on the ontside lengthen 
their leaf-stalks in order to get the light. See Pig. 144. 
Norway maple is common on lawns and roadsides. 

108. We have seen (84) that a large part of the 
leaves of any one year are packed away in the buds of 
the previous winter. 
It is almost impossi- 
' ble that these leaves 

should he packed 
away hit or miss. 
They are usually ar- 
ranged in a mathe- 
matical order. We 
can see this order 
when the shoot has 
grown. We can see 
it by studying the 
buds on recent shoots, 
since there was a leaf 
for each bud. The 
leaves (or buds) may 
be opposite each other 
on the stem, or alter- 
nate. Fig. 81. 

109. When leaves 
are opposite, the pairs 
usually alternate . 
That is, if one pair stands north and south, the next 
pair stands east and west. See the box-elder shoot, on 
the left in Fig. 81. One pair does not shade the pair 
beneath. The leaves are in fonr vertical ranks. 

110. There are several kinds of alternate arrangement. 
In the elm shoot in Fig. 81, the third bud is \em- 



IB. Iiooklnc np into the aune tret.— As the squirrel » 
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cally above the first. This is true, 
DO matter which bud is selected as 
the starting x>oint. Draw a thread 
around the stem until the two buds 
are joined. Set a pin at each bud. 
Observe that two buds are passed 
(not counting the last) and that 
the thread makes one circuit of 
the stem. Representing the num- 
ber of buds by a denominator, 
and the number of circuits by a 
numerator, we have the fraction 
X. tohich expresses the part of the 
circle which lies between any two 
buds. That is, tlie buds are one- 
half of 360 degrees apart, or ISO 
77. AnuipiBtreeontheMmthaWe degrecs. Looking endwisB at the 
iht^vei ^Bg"imi%mki stcm, the leaves are seen to be 2- 
^SSU"'o(T™tun'iiSi'iiS ranked. Note that in the apple 
perhaw mow food. gj^^pj (Fig. 81, right) , the thread 

makes two circuits and five buds ai-e passed : two-fifths 
represents the divergence between the buds. The leaves 



7B. Rhubarb Erawn In the dark. The leaf-bladM do not deralo 
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111. Every plant has Us own arrangement of leaves. 
For opposite leaves, see maple, box-elder, ash, lilac, 
honeysuckle, mint, fuchsia. For 2-raiiked arrangement, 
see all grasses, Indian corn, basswood, elm. For 3-ranked 
arrangement, see all sedges. For 5-ranked (which is 
one of the commonest), see apple, cherry, pear, peach, 
plum, poplar, wil- 
low. For 8-ranked, 

see holly, osage 
orange. More com- 
plicated arrange- 
ments occur in 
bulbs, house leeks, 
and other condensed 
parts. The arrange- 
ment of leaves on the 
stem is known as 
phyllotaxy (literally 
"leaf - arrange- 
ment".) Make out 
the phyllotaxy on 
any plant. 

112. In some 
plants, several leaves 
occur at one level, 

, . , . T». Khnbarb grown In the llBht. 

being arranged in a 

circle around the stem. Such leaves are said to be ver- 
ticillate or wrhorled. Leaves arranged in this way are 
usually narrow. 

113. Although a definite arrangement of leaves is the 
rale in most plants, it is subject to modification. On 
shoots which receive the light only from one side or which 
grow in difficult positions, the arrangement may not be 
definite. Examine shoots which grow on the under side 
of dense tree-tops or in other partially lighted positions. 
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114. The direction or "hang" 
of the leaf is usually fixed, but 
there are some leaves which change 
their direction between daylight 
and darkness. Thus, leaves of 
clover (Fig. 82), bean, locast, and 
many related plants, "sleep" at 
night; also oxalis. It is not a sleep 
in the sense in which animals sleep, 
however ; but its function is not 
well understood. 

115. Leaves usually expose one m. All tbe lesves ue expoBed 
particular surface to the light. " "''"■ 

This is because their internal structure is such that light 
is most efficient when it strikes this surface, as we shall 
learn later on. Some 
plants, however, expose both 
surfaces to the light, and 
their leaves stand vertical. 
Others endeavor to avoid 
the intense light of mid- 
day and to turn in the 
direction of least light. 
Leaves standing edgewise 
are said to exhibit polar- 
ity. They are "compass 
plants" if they point north 
and south. The famous 
compass plant or silphium 
of the prairies and the 
wild lettuce are examples 
of plants having polar 

81. PhyUoUiy ot boi-eUer, Bim. Bpple. leaveS. (Wild Icttuce 

[Laetnca Scariola] isa common planton roadsides; p. 356.) 
Every leaf has a story to tell of the value of sunlight. 
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82. Day and night positions of 
the clover leaf. 



116. WINTER BUDS SHOW WHAT HAS BEEN THE EFFECT 
OP SUNLIGHT. — Buds are borne in the axils of the leaves 
(86), and the size or vigor of the leaf determines to a large 

extent the size of the bud. 
Notice that, in most instances, 
the largest huds are nearest the 
tip (Fig. 83). If the largest 
ones are not near the tip, there 
is some special reason for it. 
Examine the shoots on trees 
and bushes. 

117. The largest huds usu- 
ally start first in spring^ and the branches which arise 
from them have the advantage in the struggle for exis- 
tence. Plants tend to grow most vigorously from their 
ends. Observe that only the terminal 
bud grew in the hickory twig in Fig. 
60. Every bud has a story to tell of 
the value of sunlight. 

Review. — What is the relation of the plant 
to sunlight f Does its form ever depend on its 
relation to light? In what direction do the tops 
of plants growl Where are the most vigorous 
branches? What is heliotropism? Why are 
trees sometimes unsymmetrical? Do you ^now 
any instances yourself ? What is one way in 
which plants profit by the climbing habit f Is 
there struggle amongst branches? Explain. 
Where are leaves borne in reference to light? 
Where are leaves usually largest? Do they 
develop in darkness ? Are leaves borne di- 
rectly above one another? How may leaves 
be arranged? Explain what phyllotaxy is. Are 
leaves always arranged definitely? Explain the 
arrangement in some plant which is not mentioned in this lesson. 
What is the "sleep" of leaves? Which surface of the leaf is ex- 
posed ? What are compass plants ? How do buds show what the 
effect of sunlight has been? What buds start first in spring? 




83. The big terminal 
buds.— Hickory. 



CHAPTER IX 
STRUGGLE FOR EXISTENCE AMONGST THE BRANCHES 

118. MO TWO BRANCHES ARE ALIKE. — Every twig has a 
history. It has to contend for air and sunlight, ang a place 
in which to grow. Its size and shape, therefore, depend on 
the conditions under which it lives. Observe the long, 
straight, big-leaved shoots oa the top of the plant, and 
the short, weak, crooked ones on the inside or under side. 

119. There is struegle for existence for every twig and 
every leaf. Those finding the best conditions live and 



B4. The strnsKle lor llle. -Mulberry Bhoot. 

thrive ; those finding the poorest die. The weak are 
overpowered and finally perish : this prunes the tree, and 
tends to make the strong the stronger. Observe the 
competition in the branch photographed in Pig. 84. Pick 
out the dead twigs, the weak ones, the strong ones. 

120. THE HDDS MAY HOT GROW.— TAere is not room in 
a tree-top for all the buds to grow into branches. Some buds 
(52) 
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are suppressed. Branches 
die. So it comes that 
branches are not arran^d 
regularly, although the 
buds may be. In the Tar- 
tartan or " tree " honey- 
suckle the buds are oppo- 
site ; Pig. 85 shows how 
the branches are. 

121. TJie results of the 
struggle for existence in the 

tree -top can be expressed as. The brBnching is crooked 

in figures. Consider that "' "* 

every bud is the germ or starting point of a branch. Ob- 

it what distances apart 

ds are usually borne on 

lant, and estimate the 

: of buds which the plant 

me; count the number of 

ss which the tree actually 

It will be found that the 

- of buds is far in excess 

number of branches : the 

difference between the 

numbers shows how 

many buds or branches 

have failed. Or, count 

the buds on any 

branch, and figure up 

the possibilities. A 

branch 12 inches long, 

for instance, has 10 

buds. If each bud 

grows, at the end of 

«B. Bun of tiw donnsDt bad. .-Willow. the Eext season there 
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will be 10 branches, each of which may have 10 buds. 
At the end of the second year there will be 100 branches ; 
at the end of the third, 1,000. Can 1,000 branches be 
borne on a 4-year-old branch 12 inches long ? Or, count 
the old bud -scars on the branches — for the places of 
the buds persist as wrinkles in the hark, often for many 
years (Fig. 86). One can often locate these bud-scars 
on old branches with his eyes closed by running his fingers 

over the bark. 

122. Buds which fail to grow are called dormant 

buds. ' They are usually the weakest ones, — those which 
grew in the most uncongenial conditions. They are to- 
wards the base of the shoot. We have seen (117) that it 
is the terminal or uppermost buds which are most likely 
to grow. The dormant buds gradually die. They may 
live four or five years on some plants. If the other buds 
or branches fail or .are injured, they may grow, but usu- 
ally they die. 

123. Dormant buds must not be confounded with ad- 
ventitious buds. We have learned (54) that adventitious 
buds are those which are formed at unusual times or places, 
because of some disturbance of the part. If a large branch 
is cut off, suckers or watersprouts are thrown out near the 
wound : these arise from buds which are made for the occa- 
sion. These buds did not exist there. In many countries 
it is a custom to "pollard" or cut off the tops of trees 
every few years for the firewood; and strong adven- 
titious shoots arise along the trunk. Fig. 87, 

124. WHERE THE BRANCHES GROW. — Because new shoots 
tend to arise from the top of the twigs, the branches of 
most trees are in tiers or layers. These tiers often can 
be traced in trees 50 and 100 years old. Try it in any 
oak, maple, ash, or other tree. For practice, begin with 
young, vigorous trees (Figs. 88 and 89). 

125. When part of a top is removed, the remaining 
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branches fill the space. The branches are attracted by the 
light and air, and grow in that direction, A pruned or 
injured top always tends 
to come back to equi- 
librium. 

126. A mangled or 
broken plant tends to 
regain its former posi- 
tion. From fallen trees, 
upright shoots arise. 
In Fig, 90 observe the 
new trunk arising from 
the center of the arch; 
see that the main trunk 
is smaller beyond that 
point. 

„_,_, •„., ,.j. Review. — What is meant 

BB. Tien of 80. Even In old treei 

branohMon the tiers can be by the statement that every 

joun»tr«. traced. j^j^ ^^^ ^ hiHtoryt Upon 

what does the shape and size of a branch depend t Explain what 

you mean by the struggle for esisteneo. Why do not all bndB grow? 

If buds are arranged in mathematical order, why are not branches? 

How may the effect of struggle for existence be expressed in 

flguresT Select some branch and explain. Define dormant buds. 

Adventitious buds. Why are branches in tiers, or Ijorae at intervalsf 

How do plants tend to re- 
gain their form and posi- 

tioa, Tfhen injured f 

Note. — Let the pupil 

work out the history of 

some branch. It is better 

to select a branch which 

is vigorous. He should 

first determine, if the 

ahoot is dormant, how 

much grew the previous 

season. The last year's 

growth bears budg on the w. The erect bale on tb* fallen tnmk. 





K. OsCobar lath. 
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main axis, not on side branches ; and the" ring" (scars of bud-aoales) 
marks the juDotion between the different years' growth. Notice this 
ring in Fig. 83. The teacher will find many twigs worked out in "Les- 
sons with Plants." Figs. 91-95 show an aotual case. These drawings 
were all made with the greatest care from one elm twig. The twig 
(Fig. 91) shows three years' growths. The side branch is evidently 
only one year old, for it did not arise nntil the twig which bears it 
was one year old. Note that only one ot the bnds made a branch. 
There are five blossom buds. Fig. 92 shows the twig in bloom. 
Fig. 93 shows it in fruit and leaf. Fig. 95 shows the net result. The 
side branch grew from a to j and made tvla blossom buds. The tip 
of the main shoot (Fig. 91) was broken in a storm. The two buds 
next in suocessioa grew. Each made fiower buds. Observe how 
many buds on this elm shoot have failed. 



CHAPTER X 

THE FORKS OF PLAITTS 

127. Althouet the form of the branch, and to some 
extent the entire plant, is determined by a struggle with 
the conditions in which it grows, nevertheless each kind 
of plant has its own peculiar habit of growth. The lum- 



berman distinguishes the kinds of trees by their "looks," 
rather than by their leaves or flowers, as the botanist 
does. The farmer usually does the same with his culti- 
vated plants. 

128. The habit of a plant is determined by its size, 
general style or direction of growth, form 
of head, and method of branching. The 
general style or stature of plants has 
been mentioned in Chapter III — they may 
be erect, strict, creeping, decumbent, and 
the like. The shape of the top or head 
is well illustrated in trees. Note the 
general effect of the mass, as seen at a 
distance. The elm is vase-form or 

round-headed (Pig. 90, which is cited „ 

< I . «™«, ,-. •'■ Bound-beaded and 

^ain to teach another lesson, p.223). So futicute t»H. 
(W) 
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are maple, beech, and apple trees. The Lombardy poplar 
(Fig. 97) is columnar or fastigiate. Young spruces and 
firs are conical. Heads 
may be narrow, wide, 
flat, sjrmmetrical, irreg- 
ular or broken. 

129. The general haf- 
age or furnishing of the 
top is different for each 
kind. The top may be 
dense or thin. The foli- 
age may be heavy, light, 
large, small. Compare 
maples and elms, apples 
and peaches, and other 
trees, 

130, The trunk or 
bole of ike tree is one 
of its most conspicuous 

w. The nnbruiehed tranks of ratal*. features. Observe the 
strict straight trunk of the palm {Fig. 98), and the fork- 
ing trunks of elms and maples. Observe that no two 
trees have trunks which 
are quite alike. The 
bark is different for each 
kind of plant. 

131. Plants awaken 
certain thoughts or feel- 
ings: they are said to 
have expression. This 
expression is the source 
of much of our pleasure 
in them. Trees are »'■ T^'>P'»"'f<^"''iM^-B'^""'i.tJe. 

particularly expressive. One suggests restfulness, because 
of its deep shady top ; another gaiety, from its moving. 
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small, light-colored leaves ; another heaviness, from its 
very large, dull foliage; another strength, from the massive 
branches; another ffrace, from the flowing outline or flexile 
growth. We think of the oak as strong, the willow as 
lithe, the aspen as weak, and the like. Irregular or 



gnarly trees suggest struggle. If all plants, or even all 
frees, were alike, we should have little pleasure in them. 

132. The expression of a plant depends to some extent 
on the character of the shadows in the top. These 
shadows {or lights and shades) are best seen by looking 
at the plant when the sun is low and behind the observer. 
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Stand at some dUtance. Look at the dark places in the 
old pasture maple; they are lumpy and irregular. In the 
pasture beeeh they are in layers or strata. The shadows 
depend mostly on the method of branching. Those who 
take photographs know how the "high lights" and shadows 
develop on the plate. 

133. The habit of a plant is usually most apparent 



101. A near tr«e of tba Eleffer TSiiet;. 102. A pair tree of the Hud; Tutelj. 

when it is leafless. The tramework is then revealed. 
Woody plants are as interesting in winter as in summer. 
Observe their forma as outlined against the sky — every- 
one different from every other. Notice the plant forms 
as they stand in the snow. Fig. 99. How do stems of 
the pigweed differ from those of burdock and grasses! 
Observe bow the different plants hold snow and iee. 
134, The more unusual the shape of any tree or other 
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plant, the greater is our interest in it, because our curiosity 
is awakened. Some unasual circumstance or conditioD has 
produced the abuormal form. Such plants should be pre- 
served whenever possible. Fig. 100. 

Rbvikw.— What do you mean by the statement that each kind of 
plant has its own habit (36) t How do plants differ in babitT Name 
some of the forms of tree-tope. How may plants differ in the furnish- 
ing of the topt Is the trunk characteristic? Barkt Bring in and 
describe tbe bark of three kinds of trees. What is the espression of 
a tree} What are someof the expresBionsT Explain what you under- 
stand by the shadows in the top. On what do the shadows chiefly 
depend! What is there to see in plants in winter? Why are we 
interested in plants of unusual forml Tell how any two trees differ 

Note. — One of tbe first things the pupil should learn about 
plants is to see them as a whole. He should get the feeling of 
ntass. Then he should endeavor to determine why the mass is so 
and so. Trees are best to begin on. No two trees are alike. How 
do they differt The pupil can observe as he comes and goes from 
school. An orchard of different kinds of fruits shows strong con- 
trasts. Even different varieties of the same fruit may be unlike in 
habit. This is especially true in penrs (Flits, 101, 102), 



CHAPTER XI 



HOW THE PLANT TAKES IN THE SOIL WATER 



135. PLANT-FOOD. — Having learned what a plant is and 
having seen it as a whole, we may now inquire how it 
secures food with which to live. We can discuss only the 
outlines of the subject here : the pupil may consider the 
question again when he takes up Part III. The plant 
obtains food materials from the soil. We know this to 
be true, because the plant dies if removed from the soil. 
In this discussion, we use the word food to designate any 
material which the plant takes in to incorporate with its 
tissues or to aid in promoting its vital activities. The word 
is sometimes used to denote only some of the products (as 
starch) which the plant manufactures from the raw ma- 
terials, but it is unfortunate to press a common -language 
word into such technical use. 

136. ROOT STRVCTTSRE.—Boots divide 
into the thinnest and finest fibrils : 
there are roots and there are rootlets. 
The large, fleshy root of the radish 
(Fig. 103) terminates in a common-sized 
root to which little rootlets are at- 
tached. Then there are little rootlets 
attached to the fleshy root at various 
places near the base. But the rootlets 
which we see are only intermediary, 
and there are numerous yet smaller 
structures. 

137. The rootlets, or fine divisions, are clothed with root- 
hairs (29), which are very delicate structures. Carefully 

(64) . 




103. Root and rootlets. 
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gfermiuate radish or other seed, so that do delicate 
parts of the root will be injured. For this pnrpose, place 
a few seeds in packing-moss or in the folds of cloth or 
blotting paper, being careful to 
keep them moist. In a few days 
the seed has germinated, and the 
root has grown an inch or two 
long. Notice that, excepting at a 
distance of about a quarter of 
an inch behind the tip, the root 
is covered with minute hairs 
(Pigs. 11, 104). They are actu- 
ally hairs, that is, root -hairs. 
;h them and they collapse, they are 
elieate. Dip one of the plants in 
r, and when removed the hairs are 
to be seen. The water mats them 
;her along the root and they are no 
y evident. Root- hairs usually are 
oyed when a plant is pulled out of 
soil, be it done ever so earefnllj', 
^uS'e'' rtoSS^'the '^^^y "^''"S" ^° ^^^ minute particles of 
covering o( root-hait«. gQ[] Under a microscope, observe how 
they are flattened when they come in contact with grains 
of sand (Chapter II), These roof-hairs clothe the young 
rootlets, and a great amount of soil is thus brought into 
actual contact with the plant. Root-hairs are not young 
roots : they soon die. 

138. The rootlet and the root-hair differ. The rootlet 
is a solid, compact structure. The root-hair is a delicate 
tube (Fig. lOSi), within the cell-wall of which is contained 
living matter {protoplasm}; and the lining membrane of 
this wall permits water and substances in solution to pass 
in. Being long and tube-like, these root-hairs are espe- 
cially adapted for taking in the largest quantity of sola-. 
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tiotifj ; and they are the principal means by which plant- 
food is absorbed from the soil, although the surfaces of 
the rootlets themselves do their part. Water-plants do 
not need an abundant system of root-hairs, and such 
plants depend largely on their rootlets. 

139. OSMOSIS. — In order to understand how the water 
enters the root-bair, it is necessary that we stndy the 
physical process known as os- 
mosis. A salt solution sepa- 
rated by a membrane from 
water absorbs some of the water 
and increases its own volume. 
First dissolve one ounce of 
' saltpeter, which we may use as 
a fertilizer solution, in one 
pint of water, calling this so- 
lution No. I. For use in ex- 
periments later on, also dis- 
solve a piece of saltpeter not 
105. Creis seetion of root, ouiarged. larger than a pcach pit (about 
sowngroo-» . one-scventh ounce) in about 

one gallon of water, calling this solution No. II. Now fill 
the tube, C in Fig. 106, almost full of the strong solution 
I, and tie a piece of animal membrane (hog's bladder is 
excellent for this purpose) over the large mouth. A small 
funnel, with a long stem, may be used if one cannot obtain 
a tube like C. Then sink the tube, bladder-part down- 
wards, into a large bottle. A, of water until the level of 
liquid in the tube stands at the same height as that in the 
bottle. The tube may be readily secured in this position 
by passing it through a hole in the cork of the bottle. 
In a short time, we notice that the liquid in N begins to 
rise, and in an hour or so it stands as at F, say. This 
is an important result. The liquids diffuse. The salt in 
the solution diffuses more slowly than the water. If water 
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were on both sides of the membrane, it would diffuse 
equally both ways and there would be no rise of liquid. 
The presence of salt in N diminishes the amount of fluid 
passing out, and more water comes in than water and 
salt go out; hence there is pressure in the tube. 

140. The cell-sap of the root -hair absorbs water from the 
soil by osmotic action. The above experiment enables 
us to understand how the countless 

little root-hairs act, — each one like 
the tube N, if only the whole surface 
of the tube were a bladder membrane, 
or something acting similarly. The 
soil water does not contain much of 
the land's fertility : that is, it is a 
very weak solution. The active little 
root-hair, on the other hand, is always 
filled with cell-sap, a more concen- 
trated solution : hence soil water must 
come in, and along with it come aleo 
small quantities of dissolved food 
materials. Some of these materials 
may be fertilizers which have been 
applied to the land. 

141. The plant absorbs these solti- 
tions as long as they are used for 
the growth of the plant. The salts 

which are dissolved in the soil water i^*- '^'' "list"** eamosifc 
diffuse themselves through the tiny membrane of the 
root-hairs, each ingredient tending independently to be- 
come as abundant inside the root-hair as outside in the 
soil water. Once inside the root-hair, these absorbed 
solutions pass on to root and stem and leaf, to be 
utilized in growth. As long as they are used, how- 
ever, more must come into the root-hairs, in order to 
restore the equilibrium. Thus those substances which are 
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needed must come in as long as the land can furnish them 
in soluble form. Absorption was illastrated before by an 
artificial arrangement because the root-hairs are so small 
that they cannot be seen readily. But all parts of the 
root can absorb some nrater. 

142. Fleshy pieces of root or stem will absorb water 
from weak solutions and become rigid ; in strong solutions 
such fleshy parts will give up their water and become flexi- 
ble. To experiment further with this principle of absorp- 
tion, cut several slices of potato tuber about one-eighth of 
an inch in thickness, and let them lie in the air half an 
hour. Place a few of these slices in some of the strong 
fertilizer solution I. Place similar pieces in the weak 
solution II. In half an hour or more, those pieces in the 
weak solution will be very rigid or stiff (tnrgid). They 
will not bend readily when held lengthwise between the 
fingers. Compare these slices with those in the' strong 
solution, where they are very flexible (flaccid). This 
bending is evidently due to the fact that those in the 
strong brine have actually lost some of their water. So 
the potato tuber could take in soil water con- 
taining a small amount of food; bat if the 
water contained much food material the potato 
would actually lose some of the water which 
it held. 

143. These experiments not only demonstrate 
how the roots absorb water containing plant- 
food, but they emphasize the fact that the out- 
'*side solution must be very dilute in order that 
wT. Kuiedbj watermay be absorbed at all. The root-hairs ah- 
[o'od"Boiu* ^'"'^ water which has dissolved only a small amount 
tion. of plant-food from the richness of the soil, and 

not from such rich solutions as the sap of the plant itself. 

]44. The plant may he wilted, and even killed by at- 
tempting to feed it food solutions which are too strong. 
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To test this matter, secure a yoang radish plant (or almost 
any seedling with several leaves) and insert the roots into 
a small bottle containing some of the saltpeter solution I. 
In another bottle place a similar plant with 
some of the weak solution II. Support the 
plant in the mouth of the bottle with cotton 
batting. After standing for a few hours or 
less it will be noticed that the leaves of the 
plant in the strong solution begin to wilt, as 
in Fig. 107. The plant in the weak solu- 
tion, Fig. 108, is rigid and normal. This 
further indicates that the growing plant is 
so constituted as to be able to make nse of 
very dilute solutions only. If we attempted 
to feed it strong fertilizer solutions, these 
strong solutions, instead of being absorbed loe, ThepUnt 
by the plant, take water from the latter, thri™ in ■ 
causing the plant to wilt. 

145. The farmer or gardener knows that he can injure 
or even kill his plants by adding too much plant-food. 
Everyone recognizes the value of wood ashes as a ferti- 
lizer ; but no one would dare water his valuable plants 
with lye, or sow his choice vegetable seeds on an ash 
bank, however well it might be watered. If there is a 
potted plant at hand which is of no value, remove some 
of the soil, add considerable wood ashes, water well, 
and await the result ; or give it a large lump of nitrate 
of soda. 

146. ROOT-PK£SSUSE. — The activity of the root in absorb- 
ing water gives rise to considerable force. This force is 
known as root-pressure. The cause of this pressure 
is not welt understood. The pressure varies in different 
plants and in the same plant at different times. To 
illustrate root- pressure, cut off a strong-growing small 
plant near the ground. By means of a bit of rubber tube, 
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attach a glass tube with a bore of approximately the diam- 
eter' of the stem. Pour in a little water. Observe the rise 
of the water due to the pressure from below (Fig. 109). 
•■r_; Finvne plants will force the column of water 
ral feet. The water ascends chiefly in 
young wood, not between the bark and 
a, as commonly supposed. To illustrate 
path of water-ascent, insert a growing 
it in water which is colored with eosin : 
the path which the color takes. (Eosin 
may be had of dealers in microscope 
dies. Common aniline may answer very 
,) 

47. HOW THE son. HOLDS MOISTUBE.— The 
ir which is valuable to the plant is not the 
water, bnt the thin film of moisture 
h adheres to each little particle of soil. 
finer the soil, the greater the number 
'articles, and therefore the greater is the 
itity of film moisture which it can hold, 
moisture surrounding the grains may 
not be perceptible, yet the plant can 
use it. Boot absorption may continue in 
a soil which seems to be dust dry. 

148. THE EOOTS HEED AIS. — Corn 

j on land which has been flooded by heavy 

rains loses ita green color and turns 

yellow. Besides diluting plant -food, the 

water drives the air from the soil, and 

this suffocation of the roots is very soon 

109. apparent in the general ill health of the 

To .how r<»t-p«8.ui*. pj^^( Stirring or tilling the soil aei-ates 

it. Water-plants and bog-plants have adapted themselves 

to their particular conditions. They either get their air 

by special surface roots, or from the water. 
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149. PROPER TBMPKRATtmE.— Tfee root must be warm 
in order to perform its functions. Should the soil of fields 
or greenhouses be much colder thau the air, the plant 
suffers. When in a warm atmosphere, or in a dry atmos- 
phere, plants need to absorb much water from the soil, 
and the roots must be warm if the root-hairs are to 
supply the water as rapidly as it is needed. If the roots 
are chilled, the plant may wilt or die. Iry this with two 
potted plants, as radish, coleas, tomato, etc. Put one pot 
in a dish of ice water, and the other in a dish of warm 
■water, and keep them in a warm room. 

In a short time notice how stiff and 
vigorous is the one whose roots are 
warm, whereas the other may show 
signs of wilting. 

150. ROOTS EXCRETE. — The plant 
nrit only absorl:^ what is already solu 
ble, bat it is capable of rendering 
soluble small quantities of the insoluble 
substances present in the soil, and which 
may be needed for plant-food. The 
plant accomplishes this result by 
means of substances excreted by the 
roots. These substances may even etch 
marble. On a polished marble block, 
place a half-inch of sawdust or soil, 
in which plant seeds. After the plants 
have attained a few leaves, turn the 
mass of sawdust over and observe the 

prints of the roots on the marble. bairaelinetotheimrticlM 

These prints will be very faint. An '"'°'^- 
illustration of this experiment is given on page 73. Care- 
fully pnll up a young seedling which is growing in soft 
soil, and notice how tenaciously the soil particles are held 
to the root (Fig. 110). 
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151. THE FOOD MATERIALS.— We have seen that all 
food materials must he in solution in water in order to be 
taken in by the roots. Different kinds of plants require 
different kinds and proportions of the food materials, but 
ordinary green plants are supposed to require at least 
eleven of the elementary substances in order to live. 
These are : 

CaVbon, C. Potassium, K. 

Oxygen, O. Calcium, Ca. 

Nitrogen, N. Magnesium, Mg. 

Hydrogen, H. Phosphorus, P. 

Sulfur, S. 

Iron, Fe. 

Chlorine, CI. (in some 
plants) . 

All these elements must be in combinations, not in their 
elemental form, in order to be absorbed by roots. 

152. Usually all of these except carbon and oxygen are 
taken in only through the roots. Some of the oxygen is 
taken in by the roots in the form of water (which is H2O), 
and in other compounds. Some carbon is probably taken 
in by the roots in the form of carbonates, h^it it is doubt- 
ful whether this source of carbon is important to the plant. 
Water is not only a carrier of plant-food: it 5s itself a 
plant- food, for some of it is used in the building up of 
organic materials. The seven elements in the ri^ht-hand 
column are called the mineral elements: they remain in 
the ash, when the plant is burned. The mineral elements 
come from the soil. 

153. The ash is a small part of the total weight of 
the plant. In a corn plant of the roasting-ear stage, the 
ash (what remains after ordinary burning) is about 1 per 
cent of the total substance. 

154. Water is the most abundant single constituent 
or substance of plants. In the corn plant of the roasting- 
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ear stage, about 80 per cent of the substance is water, 
A ttesb turnip la over 90 per cent water. Fresh wood of 
the apple contains abont 45 per cent of water. The plant 
secures its water from the soil. 

Rbvibw.— What is plant-food t Where does some of it come 
fromt Describe the feeding root. Describe root-hairs. What ia 
their fnnctiont How does the root-hair differ from the rootlet T 
What is osmosisT Describe the experiment. How does the soil water 
get iuto the root-hairt For how long does this absorption continnet 
Under what conditions ma; the root-hair lose its sapf In what condi- 
tion must the soil water be in order to be absorbed T What may result 
it the food solutions are too stronfi;} Has this fact any iaterest to the 
ptant-growerl What is root- pressure T How is the water held in the 
soil when it is most valuable to the planti How are plants able to 
live in dry soil f Why do roots need airT How do they get itT Descritje 
what efFect a cold soil has on roots. How do roots secure the plant- 
food in the soil particlest What elements are neoessary to ptanlsT 
In what forms must these elements be in order to be absorbed by the 
rootsT About what percentage of the whole substance is ash I What 
is the most abundant constituent in plantsT Whence does it comeT 

Note.— Examine soil under a lens, to see the odd and miscel- 
laneous particles of whioh it is composed. 

Not all kinds of plants exhibit strong root -pressure. The grape 
Tine is a good subject to show it. It pot plants are used, choose a 
well-rooted one wilb a straight stem. Colons, begonia and Impatiens 
Saltani are good subjects. These can be had at greenhouses. 
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TH£ MAKING OF THE UVINO MATTER 

155. SOURCES OF FOOD. — The ordinary green plant has 
but two sources from which to obtain food, — the air and the 
soil. When a plant is thoroughly dried in an oven, the 
water passes off: this water came from the soil (154). 
The remaining part is called the dry substance or dry 
matter. If the dry matter is burned in an ordinary fire, 
only the ash remains: this ash came from the soil (152). 
The part which passed off as gas in the burning contained 
the elements which came from the air: it also contained 
some of those which came from the soil — all those (as 
nitrogen, hydrogen, chlorine) which are transformed iuto 
gases by the heat of a common fire. 

156. CARBON. — Carbon enters abundantly into the com- 
position of all plants. Note what happens when a plant 
is burned without free access of air, or smothered, as in a 
charcoal pit. A mass of charcoal remains, almost as large 
as the body of the plant. Charcoal is almost pure carbon, 
the ash present being so small in proportion to the large 
amount of carbon that we look on the ash as an im- 
purity. Half or more of the dry substance of a tree 
is carbon. When the tree is charred (or incompletely 
burned), the carbon remains in the form of charcoal. The 
carbon goes off as a gas when the plant is burned in air. 
It does not go off alone, but in combination with oxygen, 
and in the form called carbon dioxid gas, CO2. 

157. The green plant secures its carbon from the air. 
In other words, much of the solid matter of the plant 
comes from one of the gases. By volume carbon dioxid 

(74) 
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V 

forms only about three -hundredths of 1 per cent of the air* 
It would be very disastrous to animal life, however, if this 
percentage were much increased, for it excludes the life- 
giving oxygen. Carbon dioxid is often called "foul -gas." 
It may accumulate in old wells, and an experienced person 
will not descend into such wells until they have been tested 
with a torch. If the air in the well will not support com- 
bustion, that is, if the torch is extinguished, it usually 
means that carbon dioxid has drained into the place. The 
air of a closed school -room bften contains far too much 
of this gas along with little solid particles of waste mattery. 
Carbon dioxid is often known as carbonic acid gas. 

158. APPROPRIATION OF THE CARBON.— TAe carlon di- 
oxid of the air readily diffuses into the leaves and other 
green parts of the plant. The leaf is delicate in texture, 
and often the air can enter directly into the leaf tissues. 
There are, however, special inlets provided for the admis- 
sion of gases into the leaves and other green parts. These 
inlets consist of numerous pores (stomates or stomata), 
which are especially abundant on the under surface of 
the leaf. The apple leaf contains about one hundred 
thousand of these pores to each square inch of the under 
surface. Through these breathing pores the outside air 
enters into the air-spaces of the plant, and finally into the 
little cells containing the living matter. In Part III these 
breathing pores will be studied. 

159. CHLOROPHYLL. — The green color of leaves is due to 
a substance called chlorophyll. Purchase at the drug store 
about a gill of wood alcohol. Secure a leaf of geranium, 
clover, or other plant which has been exposed to sun- 
light for a few hours and, after dipping it for a minute 
in boiling water, put it in a white cup with sufficient 
alcohol to cover the leaf. Place the cup on the stove 
where it is not hot enough for the alcohol to take fire. 
After a time the chlorophyll is dissolved by the alcohol, 
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which has become an intense green. Save this leaf for 
a future experiment. Without chlorophyll, the plant can 
not appropriate the carbon dioxid of the air. 

160. In most plants this chlorophyll or leaf -green 
is scattered throughout the green tissues in little oval 
bodies, and these bodies are most abundant near the upper 
surface of the leaf, where they can secure the greatest amount 
of light. Without this green coloring matter, there would 
be no reason for the large flat surfaces which the leaves 
possess, and no reason for the fact that the leaves are 
borne most abundantly at the ends of branches, where the 
light is most available. Plants with colored leaves, as 
coleus, have chlorophyll, bnt it is masked by other color- 
ing matter. This other coloring matter is usually soluble 
in hot water: boil a coleus leaf and notice that it becomes 
green and the water becomes colored. 

161. Plants grown in darkness are yello^r and slender, 
and do not reach maturity. Compare the potato sprouts 
which have grown from a tuber lying in the dark cellar 
with those which have grown normally in the bright light 
(Fig. 42). The shoots have reached out for that which 
they cannot find ; and when the food which is stored in 
the tuber is exhausted, these shoots will have lived useless 
lives. A plant which has been grown in darkness from the 
seed will soon die, although for a time the little seedling 
will grow very tall and slender. Light favors the produc- 
tion of chlorophyll. Sometimes chlorophyll is found in 
buds and seeds, but it is probable that these places are not 
perfectly dark. Notice how potato tubers develop chloro- 
phyll, or become green, when exposed to light. 

162. PHOTOSYNTHESIS.— Carbon dioxid is absorbed by 
the leaf during sunlight, and oxygen is giyen off. We 
have seen (157) that carbon dioxid will not support animal 
life. Experiments have shown that carbon dioxid is ab- 
sorbed and that oxygen is given off by all green surfaces 
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of plants during the hours of sunlight. How the car- 
bon dioxid which is thus absorbed may be used as food 
is a complex question, and need not be studied here. 

163. Chlorophyll absorbs the energy of the sun's rays, and 
the energy thus obtained is used by the living matter in unit- 
ing the carbon dioxid absorbed from the air with some of the 
water brought up by the roots. The process by which these 
compounds are united is a complex one, but the ultimate result 
usually is starch. No one knows all the details of this 
process; and our first definite 

knowledge of the product be- 
gins when starch is deposited 
in the leaves. The process of 
using the carbon dioxid of 
the air has been known as 
carbon-assimilation, but the 
term now most used is photo- 
synthesis (from Greek words, 
meaning light and to put to- 
gether) . 

164. STARCH.— J.H starch 
is composed of carbon, hydro- 
gen, and oxygen (CeHioOs). 
The sugars and the woody 
substances are very similar to 
it in composition. All these 
substances are called carbo- 
hydrates. In making this 
starch from the carbon and 

oxygen of carbon dioxid and — 

from the hydrogen and oxygen ^"' '^'' ' o^^Jn* "'"" "' 
of the water, there is a sur- 
plus, of oxygen. It is this oxygen which is given off into 
the air. To test the giving off of oxygen by day, make the 
experiment illustrated in Fig. 111. Under a funnel in a 
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deep glabS jar containiDg fresh spring or stream water, 
place fresh pieces of the commOD water-weed elodea (or 
anacharis) . Invert a test tube over the stem of the fun- 
nel. In sunlight bubbles of oxygen will arise and collect 
in the test tube. When a sufacient quantity of oxygen 
has collected, a lighted taper inserted in the tube will slow 
with a brighter flame, showing 
the presence of oxygen. A sim- 
pler but leas accurate experiment 
i is to immerse an active leaf of a 
water plant, and to observe the 
bubbles which arise. From a 
leaf in sunlight the bubbles often 
arise in great numbers; but from 
one in shadow, the bubbles usu- 
ally are comparatively few. Fig. 
llli. Some of the bubbles may 
be only air, particularly if 
marked changes in temperature occur. Observe the bub- 
bles on pond scum and water weeds on a bright day. 

165. Starch is present in the green leaves of plants wMrh 
have been exposed to sunlight; but in the dark no starch can 
be formed from carbon dioxid. Apply iodine to the leaf 
from which the chlorophyll was dissolved in a previous 
experiment (159). Note that the leaf is colored purplish 
brown throughout. The leaf contains starch (75). Se- 
cure a leaf from a plant which has been in the darkness 
for about two days. Dissolve the chlorophyll as before, 
and attempt to stain this leaf with iodine. No purplish 
brown color is produced. 

166. The starch manufactured in the leaf may be entirely 
removed during darkness. Secure a plant which has been 
kept in darkness for twenty-four hours or more. Split 
a small cork and pin the two halves on opposite sides of 
one of the leaves, as shown in Fig. 113. Place the plant 
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in the Bimlight again. After a mornine of bright sun- 
shine dissolve the chlorophyll in this leaf with alcohol; 
thea stain the leaf with the iodine. Notice that the leaf 
is staiaed deeply in all 
parts except in that part 
over which the cork was 
placed, as in Pig. 114. 
There ia no starch in the 
covered area. 

167. Plants or parts 
of plants which have de- 
veloped no chlorophyll can 
form no starch. Secnre 

a variegated leaf of co- "»■ Eipiuding luht 

I ... from p»rt ot a leal. lit. The result. 

ieus, ribbon grass, gera- 
nium, or of any plant showing both white and green areas. 
On a day of bright sunshine test one of these leaves 
by the alcohol and iodine method for the presence of 
starch. Observe that the parts devoid of green color 
have formed no starch. However, after starch has once 
been formed in the leaves, it may be changed into sola- 
ble substances and removed to be again converted into 
starch in other parts of the living tissues. 

168. DIGESTION. — Starch is in the form of insoluble gran- 
ules. Whenever the material is carried from one part of the 
plant to another for purposes of growth or storage, it is 
made soluble before it can be transported. When this 
starchy material is transferred from place to place, it is 
usually changed into sugar by the action of a ferment. 
This is a process of digestion. It is much like the change 
of starchy foods to sugary foods by the saliva. 

169. DISTRIBDTIOHOF THE DIGESTED FOOD.— After being 
changed to the soluble form, this material is ready to be 
used in growth, either in the leaf, in the stem, or in the 
roots. With other more complex products it is then dis- 
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tributed throughout all of the growing parts of the plant; 
and when passing down to the root it seems to pass more 
readily through the inner hark, in plants which have a defi- 
nite bark. This gradual downward diffusion of materials 
suitable for growth through the inner bark is the process 
referred to when the "descent of sap" is mentioned. Starch 
and other products are often stored in one growing season 
to be used in the next season (Chapter VI). If a tree is 
constricted or strangled by a wire around its trunk, the 
digested food cannot readily pass down and it is stored 
above the girdle, causing an enlargement. 

170. ASSIMILATION.— Tfee food from the air and that 
from the soil unite in the living tissues (see photosyn- 
thesis, 162, 163). The sap that passes upwards from the 
roots in the growing season is made up largely of the soil- 
water and the salts which have been absorbed in the diluted 
solutions. This upward -moving water is conducted largely 
through certain tubular cells of the young wood. These cells 
are never continuous tubes from root to leaf; but the water 
passes readily from one cell to another in its upward course. 

171. The upward -moving water gradually passes to the 
growing parts, and everywhere in the living tissues, par- 
ticularly in the leaves, it meets the products of assimilation 
from the leafy parts. Under the influence of the living 
matter of the plant, this product from the leaves firsF 
forms combinations with the nitrogen. A substance more 
complex than sugar is then formed, and gradually com- 
pounds are formed which contain sulfur, phosphorus, potas- 
sium, and other elements, until finally protoplasm is manu- 
factured. Protoplasm is the living matter in plants. It is 
in the cells, and is usually semi-fluid. Starch is not living 
matter. The complex process of building up the proto- 
plasm is called assimilation. 

172. RESPIRATION. — Plants need oxygen for respira- 
tion just as animals do. We have seen that plants need the 
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carbon dioxid of the air. To most plants the nitrogen of 
the air is inert, and serves only to dilute the other ele- 
ments; but the oxygen is necessary for all life. We know 
that all animals need this oxygen in order to breathe or 
respire. In fact, they have become accustomed to it in 
just the proportions found in the air; and this is now best 
for tbem. When animals breathe the air once they make 
it foul, because they use some of the oxygen and give off 
carbon dioxid. Likewise, all living parts of the plant 
must have a constant supply of oxygen. Boots also need 
it (148). 

173. The oxygen passes into the air-spaces and into the 
protoplasm, entering into combinations the final products of 
which are carbon dioxid and water. The air-spaces are equal 
in bulk to the tissues (Fig. 115). As a result bt the use 
of this oxygen alone at night, plants give off carbon dioxid 
88 animals do. Plants respire; but since they are station- 
ary, and more or less i 
inactive, they do not 

need as much 'oxygen 
as animals, and they 
do not give off so much 
carbon dioxid. Dur- 
ing the day plants ' 
use so mncli more 
carbon dioxid than 
Mjgen that they are "%frX" iiV« ^'"hri'r"...."!; 

said to purify the air. ehlefly contain the chlorODhyll are at i. Epider- 

The carbon dioxid '«»''!«"»•'•=■ 

which plants give ofiE at night is very slight in compari- 
son with that given off by animals; so that a few plants 
in a sleeping room need not disturb one more than a family 
of mice. Plants usually grow most rapidly in darkness. 

174. TRAHSPIRATIOM.— We have found that the plant 
takes its food from th,e soil in very dilute solutions. 
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Mnch more water is absorbed by the roots than is used in 
growth, and this surplus water is given off from the leaves 
into the atmosphere by an evaporation process known as 
transpiration. The transpiration takes place more abun- 
dantly from the under surfaces of leaves, and through the 
pores or stomates. It has been found that a sunflower 
plant of the height of a man. during an active period of 
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growth, gives off more than a quart of water per day. A 
large oak tree may transpire 150 gallons per day during the 
summer. For every ounce of dry matter produced, it is 
estimated that from fifteen to twenty-five pounds of water 
must pass through the plant. Cut off a succulent shoot of 
any plant, stick the end of it through a hole in a cork and 
stand it in a small bottle of water. Invert over this bottle 
a large-mouthed bottle (as a fruit-jar), and notice that a 
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mist soon aecnmulatea on the inside of the glass. In time 

drops of water form. The esperiraent. may be varied as 

shown in Fig. 116. Or invert the frnit-jar over an entire 

plant, as shown in Fig. 117, taking 

care to cover the soil with oiled 

paper or rubber cloth to prevent 

evaporation from the soil. Even 

in winter moisture is given off by 

leafless twigs. Cut a twig, seal the 

severed end with wax, and allow 

the twig to lie several days: it 

shrivels. There must be some up- 

ward movement of water even in 

winter, else plants would shrivel 

and die. 

175. When the roots fail to sup- 
ply to the plant sufficient water to 

equalize tlmt transpired hy the "'■ '^° ainsini^ trunspiration. 
leaves, the plant wilt8. Transpiration from the leaves and 
delicate shoots is increased by all of the conditions which 
would increase evaporation, such as higher temperature, dry 
air or wind. The bi-eathing pores are so constructed that 
they open and close with the varying conditions of the 
atmosphere, and thereby regulate transpiration. However, 
during periods of drought or of very hot weather, and 
especially during a hot wind, the closing of these stomates 
cannot sufficiently prevent evaporation. The roots may be 
very active and yet fail to absorb sufficient moisture to 
equalize that given off by the leaves. The plant wilts. 
Any injury to the roots or even chilling them (149) may 
cause the plant to wilt. On a hot, dry day note how the 
leaves of corn "roll" towards afternoon. Early the fol- 
lowing morning note how fresh and vigorous the same 
leaves appear. Water is also forced up by root-pressure 
(146). Some of the dew on the grass in the morning 
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may be the water forced up by the roots; some of it is 
the condensed vapor of the air. 

176, The witting of a plant is due to the loss of water 
from the cells. The cell walls are soft, and collapse. 
A toy balloon will not stand alone until it is inflated 
with air or liquid. In the woody parts of the plant the 
cell walls may be stiff enough to support themselves, even 
though the cell is empty. Measure the contraction due to 
wilting and drying by tracing a fresh leaf, and then trac- 
ing the same leaf after it has been dried between papers. 
The softer the leaf, the greater will be the contraction. 

Review. — Whence comes the food of plantsf "What is meant by 
the dry Bubstance? What is charcoalT How is it obtainedT How 
much o( the dry BubBtance is eaib-jiif What becomes of it wlien 
the plant is burned in airT Whence comes the carbont What is 
carbon dioxidf How abundant is ii; in the airT How does the CO2 
get into the leaft What is chlorophyll T What function has it! 
Where are the chlorophyll bodies located! What relation has light 
toohlorophyllJ When is CO2 absorbed! What is formed after COi 
is taken in! Define photosynthesis. What is starchT What is 
given off when starch is made by photOByuthesist In what part of 
the plant is starch first madet When! What are carbohydrates f 
What is digestion of starch! How is the digested food distributed! 
Explain assimilation. What is the product of assimilation! Explain 
respiration. When are O and COj given off! Define. transpiration. 
Why do plants wilt! 
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CHAPTER XIII 
DEPENDENT PLAHTS 

177. DEPEMDEHT ATTD INDEPEHDEHT PLANTS.— Plants 
with roots and foliage usually depend on themselves. They 
collect the raw materials and make them over into assimil- 
able food. They are independent. Plants without green 
foliage cannot make food: they must have it made for them 
or they die. They are dependent. 

The potato sprout (Fig. 42) cannot 
collect and elaborate carbon dioxid. 
It lives on the food stored in the 
tuber. 

178. All plants with naturally 
uhite or blanched parts are dependent. 
Their leaves do not develop. They 
live on organic matter — that which 
has been made by a plant or an ani- 
mal. The Indian pipe, aphyllon 
(Fig. 118), beech drop, coral root 
(Fig. 119) among flower -producing 
plants, also mushrooms and other 
fungi (Figs. 120, 121) are examples. 

179. PAHASITESAHD SAPROPHYTES 
— A plant which is dependent on a 
living plant or animal is a parasite, 
and the plant or animal on which it 
lives is the host. The dodder is a 
true parasite. So are the rusts and 

mUdews which attack leaves and ^- a paruiw, jrrowtng in 

, , 1 . . Koodi,— Aphrlloii. It la . 

Bboots and injure them. in bloom. 

(SO) 
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120. A mushroom, exam- 
ple of a saprophytic 
plant. 



180. The threads of the parasitic fungus usually creep 
through the intercellular spaces in the leaf or stem and 
send suckers (or haustoria) into the cells 
(Fig. 122). These threads (or hyphae) 
clog the breathing spaces of 
the leaf and often plug the 
stomata, and they also appro- 
priate and disorganize the 
cell fluids : thus they injure 
or kill their host. The mass 
of hypheB of a fungus is called 
mycelium. Some of the 
hyphae finally grow out of 
the leaf and produce spores or reproductive cells 
which answer the purpose of seeds in distribu- 
ting the plant (b, Fig. 122). 

181. A plant which lives on dead or decaying 
matter is a saprophyte. Mushrooms are ex- 
amples: they live on the decaying matter in 
the soil. Mould on bread and cheese is an 
example. Lay a piece of moist bread on a plate 
and invert a tumbler over it. In a few days it 
will be mouldy. The spores were in the air, or 
perhaps they had already fallen on the bread 
but had not had opportunity to grow. Most 
plants are able to make use of the humus or 
vegetable mould in the soil, and to that extent 

might be called saprophytic. 

182. Some parasites spring from 
the ground (Figs. 118, 119), as 
other plants do, but they are para- 
sitic on the roots of their hosts. 
Some parasites may be partially 
parasitic and partially saprophytic. 

119. Gorallorhiza or coral*root, . \i 

showing the mycorrhizas. Many (perhaps most) of these root- 
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parasites are aided in secaring their food by soil fungi, 
which spread their delicate threads over the root-like 
branches of the parasite and act as intermediaries be- 
tween the food and the parasite. The roots of the 
coral-root (Pig. 119) are eovei-ed with this fungus, and 
the roots have practically lost the power of absorbing 
food direct. These fungous -covered roots are known as 
mycorrhizas {meaning "fungus root"). Mycorrhizaa are 
not peculiar to parasites. They are found on many 
wholly independent plants as, for example, the heaths, 
oaks, apples, and pines. It is probable that the fungous 
threads perform some of the offices of root-hairs to the 
host. On the other hand, the fungus obtains some nour- 
ishment from the host. The association seems to be 
mutual. ■ 

183. Saprophytes break down or decompose organic 
substances. Chief of these saprophytes are the microscopic 
organisms known as 

bacteria (Fig. 123). 
These innumerable 
bodies are immersed in 
water or in animal and 
plant juices, and absorb 
food over their entire 
surface. By breaking 
down organic combina- 
tions, they produce decay . 
Largely through their 
agency, and that of i 
many true but micro- 
seopic fungi, all things pass into soil and gas. Thus are 
the bodies of plants and animals removed and the con- 
tinuing round of life is maintained. 

184. Some parasites are green-leaved. Such is the 
mistletoe. They anchor themselves on the host and 
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absorb its juices, but they also appropriate and use the 

earboD dioxid of the air. In some groups of colored 

bacteria the process of photosynthesis. 

or something equivalent to it, takes 

place, 

185. Parasitism and saprophytism 
are usually regarded as degeneration, 
that is, as a loss of independence. 
The ancestors of these plants might 
have been independent. Thus, the 
whole class of fungi is looked upon as 
a degenerate evolution. The more a 
plant depends on other plants, the 
more it tends still further to lose its 

123 A raaitiefun s "^^^^P^^^^^^^^ ■ 

JSIS^'Fyb-Cfli 186. EPIPHYTES. — To be distin- 
dStwd'-lh^dS^'^rtl guished from the dependent plants are 
tui?ne*''Thfl mundM tbos6 which grow On othcr plants with- 
inttTae'eiie^re^aiao ""^^ taking food from them. These are 
(rafune parts "of '"tile gTsen-leaved plants whose roots burrow 
radM'Bv^ace^oT the '"^ *^^ bark of the host plant and per- 
^'^- haps derive some food from it, but which 

subsist chiefly on materials which they secure from air- 
dust, rain-water and the air. These plants are epiphytes 
(meaning "upon plants") or air-plants. 

187. Epiphytes abound in the tropics. Orchids are 
amongst the best known examples (Fig. » ^** 

13)\ The Spanish moss or tillandsia of the ^ *••* 
South is another. Mosses and lichens 0^* ^a» 
which grow on trees and fences may also be ^ 

called epiphytes. In the struggle for exis- 123. Baoieris. much 
tence, the plants probably have teen driven '^tr^ni. 
to these special places in which to find opportunity to 
grow. Plants grow where they must, not where they 
wUl. 
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Betiew. — What is an independent plant f Dependent T Qive 
eiamplea. How are dependent plants distinguished from others in 
looliBf Define parasite. Saprophyte. Give examples. What is a 
host? How does a paraaitio fungus live on its hostf What are 
tayphieT What is mjcelinmt What are root- parasites T Give 
examples. What is a m;corrhizat What is the relation of the soil 
fungus to its hoHtT What is the role or office of saprophytes in 
nataref Are parasites ever green T Explain. What has probably 
been the evolution of most parasites and saprophytest What is an 
epiphyte! Give examples. How do they livef Why may they 
have become epiphytest 

NOTB. — Usually, the most available parasite is the dodder. It 
la common in swales from July until autumn, winding its coral- 
yellow stems about herbs and soft-growing bushes. It is a degraded 
member of the morning-glory family. It produces true flowers and 
seeds. These seeds germinate the following spring. The slender 
young vine grows from the ground for a time, but if it fails to find a 
host, it perishes. 
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CHAPTER XIV 
LEAVES ARD FOLIAGB 

188. Leaves may be studied from two points of view 
— with reference to their function, or what they do ; 
and with reference to their form, or their shapes and 
kinds. 

189. FUTJCTION. — Leaves, as we have seen, make or- 
ganic matters from carbon dioxid and water; they respire, 
throwing off carbon dioxid as waste; they digest the 
starch, that it may be transported; and they perform 
other vital activities. Functions which require both lungs 
and stomach in animals (respiration and digestion) are ' 
performed by leaves; and in addition to these functions, 
they appropriate the carbon of the air {process of photo- 
synthesis), a work which is peculiar to plants. Any part 
of the plant, however, may bear chlorophyll and perform 

the functions of leaves. Even aerial 
roots, as of orchids, are sometimes green. 
190. The general form and structure 
of leaves is intimately associated with 
their function: they are thin and much- 
expanded bodies, thereby exposing the 
greatest possible surface to light and 
air. The position of the leaves usually 
has relation to light, as we have seen 
(Chapter VIII). Leaves usually hang 
in such a way that one casts the least 
shade on the other ; those die and 
121. Staple leaf, 0n» f^u ^j^rjijch have the least favorable po- 

ai tbs eniHttiOrlumi . . 
rabonewU. SltlOns. 

(90) 



FORM OP LEAVES 91 

191. FORM. — Leaves are simple or unbranohed (Fig. 
124) , and compound or branched (Fig. 125) , The 
method of compounding or branching follows the style 
of veining. The veining, or venation, is of two general 

kinds; in most plants 
the main veins di- 
verge, and there is a 
conspicuous network 
of smaller veins: such 
, leaves are nctted- 
veined. In other 
plants the main veins 
are parallel, or nearly 
so, and there is no 

125. Componnd or brancliBd leaf at brake CODSpicUOUS netWOrk: 

(wbiehuate™). j^ggg ^^^ parallel- 

veined leaves (Fig. 136). The venation of netted- veined 
leaves is pinnate or feather-like, when the veins arise from 
the side of a continuous midrib (Fig. 124); palmate or 
digitate (hand-like), when the veins arise from the apex 
of the midrib (Pig. 126). If the leaf were divided be- 
tween the main veins, it would 
be pinnately or digitately com- 
pound. 

192. It is customary to speak 
of a leaf as compound only when 
the parts or branches are com- 
pletely separate blades, as when 
the division extends to the midrib 

(Figs. 126, 127, 128). The pai-tS 12a. Dlgitate-vfltaedpellat* leaf 

or branches are known as leaf- " ""' ""' 

lets. Sometimes the leaflets themselves are compound, and 
the whole leaf is then said to be bi-compound or ttvice- 
rompound (Fig. 125). Some leaves are three -compound, 
four - compound, or five -compound. Decompound is a 
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general term to express any degree of compounding be- 
yond twice -compound. 

193. Leaves which are not divided to the midrib are 
said to be : 

lobcd, openings or sinuses 

not more than half the 

depth of the blade 

(Fig. 129). 

cleft, sinuses deeper than 

the middle. 
parted, sinuses two-thirds 

or more to the midrib 137. Pinnnteli compound leaf of ash. 

(Fig. 130). 
divided, sinuses nearly or quite to the midrib. 
The parts are called lohes, divisions, or segments, rather 
than leaflets. The leaf may be pinnately or digitately 
lobed, parted, cleft, or divided. A pin- 
nately parted or cleft leaf is sometimes 
said to be pinnatifid. 

194. Leaves may have one or all of 
three parts — blade or expanded part, pet- 
iole or stalk, stipules or appendages at 
the base of the petiole. All these parts 
are shown in Fig. 131. A leaf which has 
all three of these 
parts is said to be 
complete. The 

128, Dlgltalsly torn- .. , ., 

pound 1bb( of rasp- stipulcs are ofteu 

^"'^ green and leaf-like 

and perform the function of foliage, 
as in the pea and Japant^se quince 
(the latter common in yards). 

195. Leaves and leaflets which 
have no stalks are said to be ses- 
sile (Fig. 137), i. e., sitting. The 12s. Lobed leotof tiwainiaple. 
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same is said of flowers and fruits. The blade of a sessile 
leaf may partly or wholly surround the stem, when it is 
said to be clasping (Fig. 
132), In some eases the 
leaf runs down the stem, 
forming a wing : such 
leaves are said to be de- 
current {Fig. 133) . When 
opposite sessile leaves are 
joined by their bases, they 
are said to be connate 
(Fig. 134). 

196. Leaflets may have 
one or all of these three ""■ "'*'*"*'' **"*' '™™ "' '*'^""^- 
parts, but the stalks of leaflets are called petiolules and 
the stipules of leaflets are called stipels. The leaf of the 
garden bean has leaflets, petiolules, and stipels. 

197. The blade is usually attached to 
the petiole by its lower edge. In pinnate - 
veined leaves, the petiole seems to continue 
through the leaf as a midrib (Fig. 124). 
In some plants, however, the 
petiole joins the blade inside 
or beyond the margin (Figs. 
126, 135). Such leaves art 
said to be peltate or shield 
shaped. This mode of attach- 
ment is particularly common 
in floating leaves (e. g., the 
leieavM 132. cinsptne leaf water Hlics) . Peltatc Icavcs 
otwuiow. (.(wudsaur. ^^^ usually digitate -vcined. 

198. SHAPE. — Leaves and leaflets are iuflnitely variable 
in shape. Names have been given to some of the more 
definite or regular shapes. These names are a part of the 
language of botany. These names represent ideal or typi- 
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cal shapes, but there are no two leaves alike and very- 
few which perfectly conform to the definitions. The 
shapes are likened to those of £p,miliar objects or of geo- 
metrical figures. Some of the commoner shapes are as 
follows : 

Linear, several times longer than broad, with the sides 

\ nearly or quite parallel. Spruces and most grasses 
are examples. Fig. 136. In linear leaves, the main 
veins are usually parallel to the midrib. 

Oblong, twice or thrice as long as broad, with the sides 

\ parallel for most of their length. Fig. 137 shows the 
short-oblong leaves of the box, a plant which is much 
used for edgings in gardens. 

Klliptic differs from the oblong in having the sides gradu- 

^ally tapering to either end from the middle. The Eu- 
ropean beech, Fig. 138, has elliptic leaves. (This tree 
is often planted.) 

Lanceolate, four to six times longer than broad, widest 

\ below the middle and tapering to each end. Some of 
the narrow -leaved willows are examples. Most of 
the willows and the peach have oblong-lanceolate 
leaves. 

Spatulate, a narrow leaf which is broadest towards the 

\apex. The top is usually rounded. It is much like 
an oblong leaf. 

Ovate, shaped somewhat like the longitudinal section of 
^ an egg: twice as long as broad, tapering from near 
^k the base to the apex. This is one of the commonest 
~ leaf forms. Fig. 139. 

Obovate, ovate inverted, — the wide part towards the apex. 
^ Leaflets of horse-chestnut are obovate. This form is 
^^ commonest in leaflets of digitate leaves. 

Reniform, kidney -shaped. This form is sometimes seen in 
^^ wild plants, particularlj'- in root -leaves. Leaves of 
^W wild ginger are nearly reniform. 

Orbicular, circular in general outline. Very few leaves are 

• perfectly circular, but there are many which are nearer 
circular than any other shape. Fig. 140. 
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The shape of many leaves is described in combinations 
of these terms, as ovate -lanceolate, lanceolate -obloDg. 

199. The shape of the base 
and apex of the leaf or leaflet 
is often characteristic. The 
base may be rounded (Pig. 
124), tapering (Fig. 127), cor- 
date or heart-shaped (Fig. 139) , 
truncate or squared as if cut 
off. The apex may be blunt or 
obtuse, acute or sharp, acum- 
inate or long-pointed, truncate 
(Fig. 141). 

200 The shape of the mar- 
gin is also characteristic of each kind of leaf. The mar- 
gin is entire when it is not indented or cut in any way 
(Pig. 137). When not entire, it may be undulate or wavy 
(Fig.126), serrate or saw-toothed (Fig. 139), dentate or 
more coarsely notched (Fig. 
124) , crenate or ronnd- 
toothed, lobed, etc. 

201. Leaves often differ 
gi-eatly in form on the same 
plant. Observe the differ- 
ent shapes of leaves on the 
young growths of mulberries 
and wQd grapes ; also on 
vigorous squash and pumpkin 
vines. In some cases there 

may be simple and compound im. mo pain at connate leavea 

leaves on the same plant. ot ho^t^ncki*. 

This is marked in the so-called Boston ivy or arapetopsis 
(Pig. 142), a vine which is used to cover brick and stone 
buildings. Different degrees of compounding, eveu in 
the same leaf, may often be found in honey locust and 
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Kentucky coffee tree. Remark- ~ 

able differences in forma are 
seen by comparing seed-leaves 
with mature leaves of any plant 
{Fig. 143). 

202. THE LEAF Am> 
ITS ErrVKONMENT. — 
The form and shape 

of- the leaf often have J35 pjjtgte leaves ol so-caUod 

direct relation to the EgmtiBn lottu. 

place in which the leaf grows. Floating leaves 
are usually expanded and flat, and the petiole 
varies in length with the depth of the water. 
Submerged leaves are usually linear or thread-like, 
or are cut into very narrow divisions. Thereby is 
more surface exposed, and possibly the leaves ai-e 
less injured by moving water, 

203. The largest leaves on a sun-loving plant 
are usually those which are fully exposed to light. 
Compare the sizes of the leaves on the ends of 
branches with those at 

the base of the branches 
or in the interior of the 
tree-top. In dense foli- 
age masses, the petioles 
iM. unew- of the lowcrmost or 
"""""of nnderraost leaves tend to 
'™'* elongate — to push the 
leaf to the light (Fig. 144). 

204. On the approach of win- 
ter the leaf ceases to work, and 

often dies. It may drop, when it ^'- Sbort-obioag ieayes of box, 
is said to be deciduous ; or it may remain on the plant, 
when it is said to be persistent. If persistent leaves re- 
main green during the winter, the plant is said to be 



FALLma OF THE LEAF 



evergreen. Most leaves fall by breaking off at the lower 
end of the petiole with a distinct joint or articulation. 
There are many leaves, however, which wither and hang 




OrbiciilAr lobed l^ves. 

on the plant until torn off by the wind : of such are the 
leaves of grasses, sedges, lilies, orchids, and other plante 
known as monocotyledons (Chap. XXIII) . Most leaves 
of this character are parallel -veined. Consult 439. 

205. Leaves also die and fall from lack of light. Ob- 
serve the yellow and weak leaves in a dense tree-top or in 
any thicket. Why do the lower leaves 
die on house-plantsT Note the carpet 
of needles under the pines. All ever- 
greens shed their leaves after a time. 
Counting back from the tip of a pine 
or spruce shoot, determine how many 
years the leaves persist (Fig. 145), 
In some spruces a few leaves may be 
found on branches ten or more years 
old. Leaves usually persist longest 

iu the lightestpositions (Fig. 77). »"■ Truncate leaf oltuUp-t™. 

206. Although the forms and positions of leaves often 
have direct relation to the places and conditions in which 
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142. Different forms of leaves from one 
plant of ampelopsis. 



the leaves grow, it is not Tmown that all forms and shapes 
have been developed to adapt the plant to its environment. 

It is probable that the 
toothing or lobing of the 
leaf -margins is due to the 
same causes which produce 
compounding or branching 
of leaves, but what these 
causes are is not known. 
It has been suggested that 
leaves have become com- 
pound in order to increase 
their surface and thereby 
to offer a greater exposure 
to light in shady places, 
but very many sun -loving 
species have compound 
leaves, and many shade-loving species have simple and 
even small leaves. Again, it has been suggested that com- 
pound leaves shade underlying leaves less than simple 
leaves do. 

207. HOW TO TELL A LEAP.— It is often difficult to dis- 
tinguish compound leaves from leafy branches and leaflets 
from leaves. As a rule, leaves can be told by the follow- 
ing tests: (1) Leaves are temporary structures, sooner 
or later falli'-g- (2) Usu- 
ally buds are borne in 
their axils. (3) Leaves are 
usually borne at joints or 
nodes. (4) They arise on 
wood of the current-year's 
growth. (5) They have a 
more or less definite arrangement. When leaves fall, the 
twig which bore them remains; when leaflets fall, the main 
petiole which bore them falls also. 




143. Maskmelon seedlings, with the xm- 
like seed-leaves and true leaves. 



ThB pktare shows the (bUIiik of th 

«o»Km'> growth ; between A and B ii ii two reurs old : tlie SMt 
betweeoBuid C ti three ysari aldi i( hu tew Iuvh. The purt that 
glow tcmi icaioiii »go— beyond C— hai do leave*. 
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Kevibw.— How may leaves be studied t What is meant by fuue- 
liont "What do leaves dot What other parts may perform the function 
of leayesf How is forzn of leaves associated with 
their function T What are simple leaves T Com- 
poundt What is venationT What are the types or 
kinds of venation t What are the two types of 
compound leaves! What is a leaflet 1 Define hi- 
compound ; decomponnd. What are lohed, cleft, 
parted, and divided loavesT Pinnatifid leaf t Com- 
plete leaf f Complete lenfletT What is a sessile 
leaf? How may the petiole join the bladet How 
are the shapes of leaves named or olassifledf De- 
fine tlie shapes described in 19S. Describe com- 
IW. Oblique leaf gf mon shapes of the haae of the leaf. Of the apex, 
theelrn. qj ^^^^ margin. How are the forms and sizes of 

leaves ever related to the place in which they growt . Wliy do leaves 
fall I Define deciduous. Persistont. Evergreen, When do pine 
leaves fall I Horn cnn jou distinguish leavest Describe the leaf in 
Fin. 146. 



CHAPTER XV 

MORPHOLOGY, OR THE STUDY OF THE FORMS OF 

PLANT MEMBERS 

208. Botanists interpret all parts of the plant in terms 
of root, stem, and leaf. That is, the various parts, as 
thorns, flowers, fruits, bud -scales, tendrils, and abnormal 
or unusual members, are supposed to represent or to stand 
in the place of roots, stems (branches), or leaves. 

209. The forms of the parts of plants are interesting, 
therefore, in three ways: (1) merely as forms, which may 
be named and described; (2) their relation to function, or 
how they enable tne part better to live and work; (3) their 
origin, as to how they came to be and whether they have 
been produced by the transformation of other parts. The 
whole study of forms is known as morphology (literally, 
the "science of forms"). We may consider examples in 
the study of morphology. 

210. It is customary to say that the various parts of 
plants are transformed or modified root, stem, or leaf, but 
the words transformation and modification are not used in 
the literal sense. It is meant that the given part, as a tendril, 
may occupy the place of or represent a leaf. It was not 
first a leaf and then a tendril : the part develops into a ten- 
dril instead of into a leaf: it stands where a leaf normally 
might have stood: it is the historical descendant of the leaf. 

211. It is better to say that parts which have .similar 
origins, which arise from the same fundamental type, or 
which are of close genealogical relationship, are homolo- 
gous. Thus the tendril, in the instance assumed above, 
is homologous with a leaf. Parts which have similar func- 

(101) 
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tioiis or perform aimilar labor, without respect to origins, 
are analogous. Thus a leaf-tendril is analogous to a 
branch -tendril, but the two are not homo- 
logous. 

212. There are five tests by means of which 
we may hope to determine what a given part 
( 1 ) by the appearance or 
looks of the part (the least reli- 
able test); (2) by the position 
of the part with relation to other 
parts — its place on the plant ; 
(3) by comparison with similar 
ophrikofMiaf' parts on other plants (compara- "s. Lenvwot 
«"■ tive morphology) ; (4) by study of "»»"«"■ 

intermediate or connecting parts ; (5) by study of the 
development of the part in the bud or as it originates, 
by means of the mieroaeope (embryology). The last 
test can be applied only by the trained investigator, but 
it often gives the most conclusive evidence. Even with 




the application of all these tests, it is sometimes im- 
possible to arrive at a definite conclusion as to the 
origin or morphology of a part. For example, it is not 
yet agreed whether most cactus spines represent leaves or 
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branches, or are mere outgrowths of the epidermis (as 
hairs are). 

213. The foliage 
of asparagus is com- 
posed of modified 
branches. The true 
leaves of asparagus 
are minute whitish 
scales (a, Fig. 147). 
The green foliage is 
produced in the axils 
of these scales. On 
the strong spring 
shoots of asparagus, 
which are eaten, 
the true leaves 
appear as large 
scales (a, a, Fig. 148) . These large 
scales persist on the base of 

the asparagus plant, even in the fall. In the spe- 
cies of greenhouse or ornamental asparagus, the 
delicate foliage is also made up of green leaf-like 
branches (Fig. 149). In some cases the true leaves 
fall after a time, and there is little evidence left. 
The strong new shoots usually show the true 
leaves plainly (as in Fig. 150) . Branches which 
simulate leaves are known as cladophylla 
(singular, cladophyllum). The broad flat 
leaves of florists' smilax (common in glass- 
houses) are cladophylla. 
150. strong^ 214. lu the study of morphology, 

A^sparaeuB ^L^ ^^ IS uot cuough, howcvcr, merely to 
sho^Sg\he ^^ determine whether a part represents 
and*the*^braiiches^^ TOot, stcm, or leaf: ouc must determine 
their ^\s.^ '^^"^ ^ what pai't or kind of root, stem, or leaf 





151. Phyllodia of aca- 
cia. These Australian 
trees are sometimes 
grown in glasshouses. 
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152. The thorns are in the axils 
of leaves. 



it stands for. For example, the foliage in Fig. 151 
represents green expanded petioles. These leaf-like mem- 
bers bear buds (which produce 
branches) in their axils, and they 
have the arrangement or phyllo- 
taxy of leaves; therefore they are 
considered to be true leaf parts. 
But they stand edgewise as if 
they might be petioles; sometimes 
they bear leaf -blades; other aca- 
cias have compound expanded leaves; 
there are intermediate forms or grada- 
tions between different acacias; young 
seedlings sometimes show intermediate 
forms. From all the evidence, it is now 
understood that the foliage of the simple- 
leaf acacias represents leaf-like petioles. 
Such petioles are known as phyllodia 
(singular, phyllodium). 

215. Thorns 
and strong spines are usually 
branches. The spines of hawthorns 
or thorn-apples are examples: they 
are borne in the axils of leaves as 
branches are (Fig. 152) ; hawthorns 
usually bear two or more buds in each 
axil (Fig. 153), and one or two of 
these buds often grow 
the following year into 
normal leafy branches (Fig. 154) ; sometimes 
the thorn itself bears leaves (Fig. 155). 
The thorns of wilding pears, apples, and 
plums are short, hardened branches. In 
well -cultivated trees there is sufficient vigor 

" 155. The thorn 

to push the main branch into longer and may bear leaves. 




153. Two or more bncU 
are bomo in the axils. 




154. Some of the bnds pro 
duce lea^ branches. 
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softer growth, so that the side buds do not have a chance 

to start. The thorns of osage orange and honey locnst 

are also branches. Those of the honey locust usually 

arise from supernnmerary buds which are 

borne somewhat above the axils. 

216. Prickles, bristles, and weak spines, 

which have a definite arrangement on the 

stem, are usually modified leaves or parts 

of leaves. The spines of im. Leiit-Bpine o(' 
thistles are hardened '"■"benr. 
points of leaf-lobes. The spines of the 
barberry are reduced leaves; in their axils 
are borne short branches or leaf-tnfts 
(Fig. 156) ; in spring on young shoots 
may be found almost complete gradations 
from spiny leaves to spines. In the prickly 
ash the prickles are stipules and stipels. 
The reasons for interpreting them so are 
apparent in Fig. 157. Stipnlar prickles 
may also be seen in the common or aca- 
cia locust (robinia). 

217. Prickles, bristles, and hairs, which 
are scattered or 

157. SttpnbrcrickleB ^"^ »0 d:,fiM<.e ar- 

of prickiar Mh. rangetnent, are usu- 
ally were out-growths of the epi- 
dermis. They usually are re- 
moved with the bark. Of such are 
the prickles of squashes, briars 
(Pig. 158), and roses. 

218. The reason for the exis- 
tence of spines is difficult to de- 
termine. In many or most cases - ™ ao w rry. 
they seem to have no distinct use or function. In some 
way they are associated with the evolution of the plant, 
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and one cannot determine why they came withont know- 
ing mnch of the genealogy of the plant. In some 
oases they seem to be the result of 
the contraction of the plant-body, 
&B in the cacti and other desert ^ 
plants; and they may then serve a 
purpose in lessening transpiration. 
It is a common notion that spines and 
prickles exist for the purpose of keep- 
ing enemies away, and that hairs 
keep the plant warm, but these ideas 
usually lack scientific accuracy. Even 
if spines do keep away browsing ani- 
mals in any plant, it is quite another 
question why the spines came to be. no. The dUniniBhiag lenve. 
To answer the question what spines '^ bonMet. 

and hairs are for demands close scientific study of each 
particular case, as any other problem does. 

219. Leaves are usually 

smaller as they approach the 

flowers (Fig. 159). They 

often become so much reduced 

as to be mere scales, losing 

their office as foliage. In 

their axils, however, the 

flower- branches may be borne 

(Fig. 160). Mneh-redueed 

leaves , particularly those 

which are no longer green 

and working members, are 

called bracts. In some cases, 

ISO. The iioiierniost Qowcn ore borne large colored bracts are borne 

inthBBiiiiotbre«t..-Fucii8ia. jyg^ beneath the flowers and 

look like petals : the flowering dogwood is an example ; 

also the bougainvillea, which is common in glasshouses 
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(Fig. 161) ; also the scarlet sage of gardens aad the 
flaining poinsettia of greenhouses. 

220. The scales of buds are special kinds of bracts. In 
some cases each scale represents an entire leaf; in others, 
it represents a petiole or stipule. In the expanding pear, 
maple, lilac, hickory, and 
horse-chestnut buds, note the 
gradation from dry scales to 
green leaf -like bodies. When 
the winter scales fall by the 
pushing out of the young 
shoot, scars ai-e left : these 
sears form "rings," which 
mark the annual growths. 
See Chap. VII. The scales 
of bulbs are also special 
kinds of leaves or bracts. 
In some cases they are merely 
protective bodies; in others ig,. i„ ^^^ i„^i„iii^ thr« «.«aur 

they are storehouses. We ™lo™d bmcls surrmnd oseh dns- 

have found (45) that the ter of thp« ™,ai flo-e™. 

presence of scales or bracts is one means of distinguish- 
ing underground steins from roots. 

Review . — What ere considered to bo the fundamental or type 
forma from which the parts of plants are derivedt Bow do the forms 
of planta interest usT What is morpholo^yl What is meant by trans- 
formation and tnodiflcation as used by the morphologist I What is 
meant by homologous parts T Analogous partsi Tell how one may 
determine the morphology of any iiart. What is a eladophjUum t 
Phyllodtum 1 Show a specimen of one of the other, or both 
(canned ssparafi^s can always be had in the market). What is 
the morphology of most thornst Explain the thorns of hawthorn. 
What are bristles, prickles, and hairsl Why do spines and bristles 
ezistf Explain what a bract is. A bud-soale. A bulb-soale. 



CHAPTER XVI 
HOW PLASTS CLIMB 

221. Wo have seen that plants strn^Ie or contend for 
a place in which to live. Some of them become adapted to 
grow in the forest shade, others to grow on other plants 
as epiphytes, others to climb to the light. Observe bow 
woods grapes, and other forest climbers, spread their foli- 
age on the very top of the forest tree, while their long 
flexile trunks may be bare. 

222. There are several ways in which plants climb, tut 
most climbers may be classified into four groups: (1) scram- 
blers, (2) root-climbers, (3) tendril-climbers, (4) twiners. 

223. SCRAMBLERS.— Some plants rise to light and air 
by resting their long and weak stems on the tops of 
bushes and quick-growing herbs. Their stems are ele- 
vated by the growing twigs 

= of the plants on which they 
recline. Such plants are 
scramblers. Usaally they 
- are provided with prickles 
or bristles. In most weedy 
swamp thickets, scramb- 
ling plants may be found. 
Briars, some roses, bed- 
m. A root-.iimb*r.-The English ivy. ^^raw or galium, bittcr- 
sweet{8olanum Dulcamara, 
not the celastrus), the tear-thumb polygonums, and other 
plants are familiar examples of scramblers, 

224. ROOT-CLIMBEKS.— Some plants climb by means of 
true roots, as explained in paragraph 31. These roots 

(108) 
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seek tlie dark places and therefore eater the chinks in 
walls and bark. Pig. 12, the trumpet creeper, is a fa- 
miliar example. The true or English ivy, which is often 
grown to cover buildings, is another instance (Fig. 162), 
Still another is the poison ivy. Boots are distinguished 
from stem tendrils by their irregular or indefinite posi- 
tion as well as by their mode of growth. 

225. TEHDRIL-CLIMBERS.— A slender coiling part which 
serves to hold a climbing plant to a support is known as a 



163. TendrU ot VlrglnU eneper. The direction ot the coll chnnces near tlie middle. 

tendril. The free end swings or curves until it strikes 
some object, when it attaches itself and then coils and 
draws the plant close to the support. -. The spring of the coil 
also allows the plant to move in the wind, thereby enabling 
the plant to maintain its hold. Slowly pull a well-ma- 
tured tendril from its support, and note how strongly it 
holds on. Watch the tendrils in a storm. To test the 
movement of a free tendril, draw an ink line lengthwise 
of it, and note that the line is now on the concave side 
and now on the convex side. Of course this movement is 
slow, but it is often evident in an hour or so. Usually 
the tendril attaches to the support by coiling about it, but 
the Virginia creeper and Boston ivy attach to walls by 
means of disks on the ends of the tendrils. 

226. Since both ends of the tendril are fixed, when it 



110 HOW PLANTS CLIMB 

finds a support, the coiling would tend to twist it in two. 
It will be foiigd, however, that the tendril coils in differ- 
ent directions in different parts of its length. Id Fig, 
163 the change of direction in the coil occurs at the 
straight place near the middle. In long tendrils of cucum- 
bers and melons there may be several changes of direction, 
227. Tendrils may be either branches or leaves. In 



the Virginia creeper and grape they are branches; they 
stand opposite the leaves in the position of fruit -clusters 
(Fig. 164), and sometimes one branch of a fruit-cluster 
is a tendril. These tendrils are therefore homologous 
with fruit -clusters, and fruit-clusters are branches. 

228. In some plabts tendrils are leaflets. Examples 
are the sweet pea (Fig. 165) and common garden pea. 
In Fig. 165, observe the leaf with its two stipules, petiole, 
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two normal leaflets, and two or three pairs of leaflet- 
tendrils and a terminal leaflet -tendril. The eobea, a 
common garden elimber, has a similar arrangement. In 
some cases tendrils are stipules, as probably in the green- 
briars (smilax). 

229. The petiole or midrib may act as a tendril, as in 
various kinds of clematis. In Fig. 166, two opposite leaves 



IBS. In the street pea (and carOen pea) the leaflets are tendrlla, 

are attached at a. Each leaf is pinnately compound and 
has two pairs of leaflets and a terminal leaflet. At b and 
c the midrib or raehis has wound about a support. The 
petiole and the petiolules may behave similarly. Examine 
the tall-growing nasturtiums in the garden. 

230. TWIMKRS.— The entire plant or shoot may wind 
about a support. Such a plant is a twiner. Examples 
are beau, hop, morning-glory, moon-flower, false bitter- 
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sweet or wax-work (eelastrus), some honeysuckles, wis- 
taria, Dutchman's pipe, dodder. The free tip of the 
twining branch sweeps about in carves, much as the tendril 
does, until it finds support or becomes old and rigid. 

231. £ach kind of plant usnally coils in only one 
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direction. Most plants coil against the sun, or from the 
observer's left across his front to his right as he faces the 
plant. Such plants are said to be dextrorse (right-handed) 
or antitropic (against the sun). Examples are bean, morn- 
ing-glory. The hop twines from the observer's right 
to his left. Such plants are sinistrorse (left-handed) or 
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eutropic (with the 
Bun). Fig. 167 shows 

the two directions. 

Ebview, — "Why do 
plants olimbt How do 
the J climb T Explain 
what is meajit hj scram- 
blers. By root-climbers. 
What IB a tendrilT How 
does it find a support! 
Why and how doea it 
eoill How does it grasp 
Us sapport t What is the 
morphology of the ten- 
dril ot Virgittia oteeperl 
WhjT Of the peat Of 
the clematis I What is 
a twinert How does it 
find a support t 
What is a dex- 
trorse twinert 
Sinistrorset 
rse twlners.-Falae NOTB.— The 

bttter-aweet BDd bop. ., .c 

pupil may not V 
understand why the branch (as tendril and flower -cluster) * 
stands opposite the bud in the grape and Virginia creeper. 
Note that a grape-shoot ends in a tendril (a, Pig. 168). 
The tendril represents the trae axis of the shoot. On the 
side a leaf is borne, from the axil of which the 
branch grows to continue the shoot. This branch 
ends in a tendril, b. Another leaf has a branc 
its axil, and this branch ends in the tendril c. The 
real apex of the shoot is sueceasively turned aside 
until it appears t« be lateral. That is, the morpho- 
logically terminal points of theBuccessive shoots are 
the tendrils, and the order of their appearing is a, 
S, e. The tendrils branch : observe the minute scale 
representing a leaf at the base of eachbranch. This .',^' 
typeof branching— the axial growth being continued 
by successive lateral bads— is sympodial, and the 
branch is a sympode. Continuous growth from the 
terminal bad is monopodial, and the branch is a mmiopode. 
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CHAPTER XVII 



FLOWER- BRANCHES 



232. We have (86) seen that branches arise from the 
axils of leaves. Sometimes the leaves may be reduced to 
bracts and yet branches are borne in their axils. Some of 

the branches grow into long limbs; 

others become short spurs; others 

hear flowers, 

233. Flowers are usually borne 
near the top of the plant, since 
the plant must grow before it 
blooms. Often they are produced 
in great numbers. It results, 
therefore, that flower - branches 
usually stand close together, form- 
ing a cluster. The shape and 
arrangement of the flower-cluster 
differ with the kind of plant, since 
each plant has its own mode of 
branching. 

234. Certain definite or well- 
marked types of flower -clusters 
have received names. Some of 
these names we shall discuss, but 
the flower-clusters which perfectly 
match the definitions are the ex- 
ception rather than the rule. The 

169. Terminal flowers o£ the white- determining of the kiuds of flow- 
weed (in some places called ox-eye 

daisy). er- clusters is one of the most per- 

(114) 
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plexing subjects in descriptive botany. We may classify 
the subject around three ideas: solitary flowers, corym- 
bose clusters, cymose clus- 
ters. 

235. SOLITARY FLOWERS.— 
In many cases flowers are boroe 
singly. They are then said to 
be solitary. The solitary flower 
may be either at the end of the 
main shoot or axis (Fig. 169), 
when it is said to be terminal, 
or from the side of the shoot 
(Pig. 170), when it is said to 
be lateral. The lateral flower 
is also said to be axillary. 

236. CORYHBOSB CLUSTERS.- 
If the flower -bearing axils were 
rather close together, an open 
or leafy flower-cluster might re- 
sult, as in Fig. 171. The fuchsia continues to grow from 
the tip, and the older flowers are left farther and farther 
behind. If the cluster were so 

short as to be flat or convex on 
top, the outermost flowers would 
be the older. A flower-cluster 
in which the lower or outer flow- 
ers open first is said to be a 
corymbose cluster. It is some- 
times said to be an indetermi- 
nate cluster, since it is the re- 
sult of a type of growth which 
may go on more or less contin- 
uously from the apex. m, Leittj- tlower-cliuter at fmh^ 

237. The simplest form of a definite corymbose cluster 
is a raceme, which is an unbranched open cluster in wbieh 



no. Laternl flower o[ obatilon. 
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the flowers are borne on short stems and open from below 
(that is, from the older part of the shoot) upwards. The 

be terminal to the 
1, as in Fig. 172, or 
lateral to it, as in 
lacemes often bear 

the flowers on one 

side of the stem, or 

in a single row. 
238. When a 

corymbose flower- 
s long and dense 

flowers are sessile 
y so, it is called 

(Figs. 174, 175). 

examples of spikes 
II tain, mignonette, 

A very short and 

ke is a head. Clover 

1) is a good exam- 

i,.t. i^e sunflower and re- 

172. TeraiinBl racBmeiof dlcenttft. ,.31.. ■• 

lated plants bear many small 
flowers in a very dense head. This special kind of head 
of the snnflower, thistle, and aster tribes has been called 
an anthodium, but 
this word is little 
used. Note that 
in the sunflower 
(Fig. 177) the out- 
side r exterior 
flowers open first. 

Another special '"■ I*t«»l ratamea (in Iniltl ot bitberrsr. 

form of spike is the catkin, which usually has scaly bracts 
and the whole cluster is deciduous after flowering or fruit- 
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lag, and the flowers (iii 
tj'pical cases) have only 
one sex. Examples are 
the " pussies" of willows 
(Pig. 213) and flower- 
clusters of oaks (Fig. 
212), hickories, poplars. 

240. When a loose, 
elongated corymbose 
flower-clnsterbranches, 
or is compound, it is 
called a panicle. Be- 
cause of the earlier 

growth of the lower "S.ira'A'S 

branches, the pauiele is "*''*■ 

usually broadest at the base or couical in out- "hj»c?^t£! 

line. True panicles are not common. ffj^t' ''"; 

241. When au indeterminate flower-cluster f oi^Si" m 
is short, so that the top is convex or flat, it is f/om"the 
a corymb (Fig. 178). The outermost flowers Tih^iJ^ 
open first. Fig. 179 shows many corymbs of b^LSiS™ 

the bridal wreath, one of the epireas. 

242. When the branches of an indeterminate 
cluster arise from a common point, like the 
frame of an um- 
brella, the clus- 
ter is an umbel 
CPig. 180). Typi- 
cal umbels occur 
in carrot, par- 
snip, parsley and 
other plants of 
the parsley fam- 
m. ily: the family 

efovM.™™ m. HnuI of ttmsomt. 18 known as the 
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Umbelliferfe, or umbel- 
bearing faraily. In the 
carrot and many other Um- 
belliferte, there are small 
or secondary nmbels, called 
umbellets, at the end of 
each of the main branches. 
(In the center of the wild 
carrot umbel one often 
finds a single, blackish, 
often aborted flower, 
comprising a 1 - flowered 
nmbellet. ) 

243. CTHOSE CLUSTEBS. 

— When the terminal or "*■ Corymbsof thebHdilwraatbUKirea). 

central flower opens first, the cluster is said to be cymose. 
The growth of the shoot or cluster 
is determinate, since the length 
is definitely determined or stopped 
by the terminal flower. Fig. 181 
shows a determinate or cymose 
mode of flower -bearing. 

24i. Dense cymose clusters are 
usually flattish on top because of 
the cessation of growth in the 
main or central axis. These com- 
pact flower -clusters are known as 
cymes. Apples, pears (Fig- 182) 
and cherries bear flowers in 
cymes. Some cymes look very 
like umbels (as in Fig. 183). A 
head-like cymose cluster is a 
glomerule : it blooms from the 
top downwards rather than from 
ITS. Ooirmii of miidjtati. the base upwards. 
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245. MIXED CLUSTERS.— 

Often the elBSter is mixed, being ; 
determinate in one part and in- 
determinate in another part of 
the same cluster. This is the 
ease in Fig. 184. The main clus- 
ter is indeterminate, but the 

branches are determinate. The '*'■ '^,^^7'*"" 
cluster has the appearance of a 

panicle, and is usually so called, 
but it is really a thyrse. Lilac is 
a familiar example of a thyrse. In 
some cases, the raaiu cluster is de- 
terminate and the branches are in- 
determinate, as in hydrangea and 
elder. Such clusters are corson- 
bose cjmies. 

246. INFLOEESCEHCE.— The mode 
or method of flower arrangement is 
known as the inflorescence. That 
is, the inflorescence is cymose, 
corymbose, paniculate, spicate, soli- 
tary. By custom, however, the 
word inflorescence has come to be 
used for the flower-cluster itself in 
works on descriptive botany. Thus 
a cyme or a 
panicle may 
be called an 
It will be seen that 
even solitary flowers follow either 
indeterminate or determinate meth- 
ods of branching. 

247. THE FLOWEK-STEM.— The 
Btem of a solitary flower is known as cin^^vla!^' 
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a peduncle ; also the 
general stem of a. flower- 
cluster. The stem of 
the individual flower in 
a cluster is a pedicel. 

248. In the so-called 
Btemless plants (37) the 
peduncle may arise di- 
rectly from the ground, 
or crown of the plant, 
as in dandelion, hya- 
cinth (Pig. 174), gar- 
den daisy (Fig. 185). 
This kind of peduncle 
is called a scape. A 
scape may bear one or 
many flowers. It has 
no foliage leaves, bat it 
183. An nmbel-llke cyme.— Qemnlnm. may have bractS. 

Beview.— What is the homology of flower -branches! How is it 
that flowers are often borne in 
cluBtersT Eipiain what may be 
meant by a solitary flower. What 
are the two types of flower-cius- 
ters! What are corymbose olus- 
tersT Define raceme. Spilte. 
Head and anthodium. Catltin. 
Panicle. Umbel. Umbellet. 
Corymb. What are eymoae elus- 
terst WhatisaeymeT Giome- 
rulet Contrast indeterminate and 
determinate modes of branching. 
Eipiain mixed clusters. What 
is a thyrseT What is meant by 
the word infloreseenoet Define 
peduncle, pedicel, and scape. 

Note.— In the study of flower- 
Clusters, it Is well to select first m. Thyr„ of horse-sl„,iimt. 
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those which are fairly typical of the 
the various ola^Bea discuaaed in the 
preceding paragrftphs. As soon as 
the main types are well fixed in 
the mind, random clusters should 
be eiamlDed, for the pupil must 
never receive the impression that 
all fiower- clusters follow the defini- 
tions in boofaa. Clusters of some 
of the commoneat plants are very 
puzzling, but the pupil should at 
leaat be able to discover whether 
the inflorescence is determinate or 
indeterminate. 

In the tomato (Fig. 1S6) the 
flower-cluster is opposite the leaf. 

iW. Scai«.j(thelrueorEnBliihd8l5y. Examine blooming tomato plants, 

and determine the method of this infloreacence. Compare the grape. 

In some oases the flower-oluster 

ends in a leaf, auggesting that 

the cluster is morphologically a 

leaf; but aee whether there ia 

not a joint between the cluster 

and tlie leaf, showing that the 

leaf is attached to a branch. 

The flower-olnster of the tomato 

has been greatly modified by 

cultivation. It was originally 

distinctly racemose. ise. Tomatu shoot. 
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249. The flower exists for the ptirpose of producing 
seed. It is probable that all its varied forms and colors 
contribute to this supreme end. These forms and colors 
please the human fancy and make living the happier, but 
the flower exists for the good of the plant, not for the 
good of man. The parts of the flower are of two general 
kinds — those which are directly concerned in the produc- 
tion of seeds, and those which act as covering and pro- 
tecting organs. The former parts are known as the essen- 
tial organs ; the latter as the floral envelopes. 

250. ENVELOPES. — The floral envelopes usually bear a 
close resemblance to leaves. These envelopes are very 
commonly of two series or kinds — the outer and the inner. 
The outer series, known as the calyx, is usually smaller 
and green. It usually comprises the outer cover of the 
flower -bud. The calyx is the lowest 
whorl in Fig. 187. The inner series, 

known as the 
corolla, is usually 
colored and more 
special or irregular 
in shape than the 
calyx. It is the 

showy part of the ^^' ^^^^^^ ^' buttercup. 
The corolla is the second or large 
It is the large part in Fig. 188. 

251. The calyx may be composed of several leaves. 
Each leaf is a sepal. If it is of one piece, it may be 

(122) 




187. Flower of a buttercup 
in section. 

flower, as a rule, 
whorl in Fig. 187. 
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lobed or divided, in which case the divisions are called 
calyx -lobes. In like manner, the corolla may be com- 
posed of petals, or it may be of 
one piece and variously lobed. A 
calyx of one piece, no matter how 
deeply lobed, is gamosepalous. A 
corolla of one piece is gamopetal- 
ous. When these series are of 
separate pieces, as ia Fig. 187, the 

flower is said to be polysepaloua „_— ~ ^-^_^ 

and polypetalous. Sometimes both ^ 

series are of separate parts, and 
sometimes only one of them is so 
formed. 

252. TAe fioraX envelopes are 
homologous with leaves. Sepals and r " 
petals, at least when more than O 

three orflve, are each in more than "*■ ^■''•"""'f^i'su in action, 
one whorl, and one whorl stands below 
another so that the parts overlap. 
They are borne on the expanded or 
thickened end of the flower- stalk : this 
end is the torus. In Fig. 187 all the 

i-a. risiii oi pmen pea, , ,i i i .. .1 . 

ihe stuoeuB being pulled parts are secn as attached to the torus. 
ftl^^^HoJ^Blio^i This part is sometimes called recep- 

the single coDii^Dient. j^^Jg^ (j^j. tJ^jg ^^^J jg ^ eommon- 

langnage term of several meanlogs, whereas torus has no 
other meaning. Sometimes one part is at- 
tached to another part, as in the fuchsia 
(Fig. 189} in which the petals are borne 
on the calyx -tube. 

253. ESSENTIALOHGAHS.— The essential "J;,u"''^*p'""|jJ 
organs are of two series. They are also loneitadinai aecdon. 
homologous with leaves. The outer series is composed of 
the stamens. The inner series is composed of the pistils. 
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254. stamens bear tbe pollen, which is made up of 
grains or spores, each spore usually being a single plant 
cell. The stamen is of two parts, as readily 
Figs. 187, 188, 189,— the enlarged 
terminal part or anther, and the stalk or 
filament. The filament is often so 
short as to seem to be absent, and 
the anther is then said to be 
sessile. The anther bears the 
pollen spores. It is made up tn of » st John a 
of two or four parts (known pel" 
as sporangia or spore - cases) , which burst 
and discharge the 
pollen . When 
the pollen is shed, 
the stamen dies. 

255. Pistils bear 
the seeds. The pis- 
til may be of one 
.V.,- =....„._.=.. p^^^ ^^ compart- 

ment, or of many parts. The different units or parts of 
which it is composed are carpels. Each carpel is homo- 
logous with a leaf. Each 
carpel bears one or more 
seeds. A pistil of one carpel 
is simple; of two or more 
carpels,, compound. Usually 
the structure of the pistil 
may be determined by cut- 
ting across the lower or seed- 
bearing part. Figs. 190, 191, lOl. The Btructnra of a plnm blofaom. 

192 explain. A flower may "■ol*i^''«*'Bij!Bi «i,'BtiB^"The 

contain one carpel (simple Ld silSSiVit conrainBThe'seKi 

. , .,\ ,1 /I-,. 4aav part. The atameni itn tipped with 

pistil) as the pea (Fig. 190); aothen. tn nhlch the poll«n !• 

, , , borne. The onry, a. ripeoa Into 

several separate carpels or tba (mit. 
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simple pistils, as tbe buttercup ; or a compound pistil, aa 

the St. John's-wort (Fig. 192). 

256, The pistil, whether simple or compound, has three 
parts: the lowest or seed-bearing part, 
which is the ovary; the stigma at the 
upper extremity, which is a flattened or 
expanded surface, and usually roughened 
or sticky ; the stalk-like part or style, ^ 
connecting the ovary aud stigma. Some- 
times the style is apparently wanting, 
and the stigma is said to be sessile on 
the ovary. These parts are shown iu the 
fuchsia, Fig. 189. The ovary or seed 
vessel is at a. A long style, bearing a 
large stigma, projects from the flower. 
See, also. Figs. 191 and 194. 

257. COHFOEMATIONOFTHEFLOWEK.— 
A flower which has calyx, corolla, sta- SM^Mo™The^^S5^u 
mens, and pistils is said to be complete ; p™i<ra«ed into a aput. 
all others are incomplete. In some flowers both the floral 

^^^^ ^.-^fc. envelopes are wanting: such are 

^H^^k ^0/Bl^ naked. When one of the floral 
V^^Hn J^H^|9 envelope series is wanting, the 
^^^E^ \^^^^^ remaining series is said to be 
calyx, and the flower is thereforp 
apetalous ( without 
petals). Theknotweed 
(Fig. 193), smart- 
weed, buckwheat, elm \ 
(Fig. 92), 
amples. Some fiow- 

IW. The flTO petals of the pgDM, erS lack the pistils; l»"P)o«erof 

deuched M, show the form. ^^^^ ^^ staminatc, '""'"■ 
whether the envelopes are missing or not. Others lack 
the stamens : these are pistillate. Others have neither 
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198. Imi«t>vised stand 
for lens. 



stamens nor pistils : these are sterile (snowball and hy- 
drangea). Those which have both stamens and pistils are 
perfect, whether or not the envelopes are 
missing. Those which lack either sta- 
mens or pistils are imperfect or diclinous. 
Staminate and pistillate flowers are im- 
perfect or diclinous. 

258. Flowers in which the parts of 
each series are alike are said to be regular 
(as in Figs. 187, 188, 189) . Those 
in which some parts are unlike 
other parts of the same series are 
irregular. The irregularity may be 
ia calyx, as in nasturtium (Fig. 195) ; in corolla 
a (Fig. 196, 197); in the stamens (com- 
pare nasturtium, catnip Fig. 197, sage) ; 
in the pistils. Irregularity is most fre- 
quent in the corolla. 

Review.— What is the flower for? What 
are the two general kinds of organs in the 

flower? What is the homol- 
ogy of the flower-parts ? 
What are floral envelopes ? 
Calyx f Sepals ? Calyx - 
lobes ? Corolla ? Petals ? 
Corolla- lobes T Garaosepnl- 
lous flowers ? Gamopetalous f Poly- 
sepalous? PolypetalousT Define torus. 
What are the essential organs? Sta- 
men? Filament? Anther? Pollen? 
Pistil? Style? Stigma? Ovary? Car- 
pel ? Define a complete flower. In 
what ways may flowers be incomplete? 
Explain perfect and imperfect (or diclinous) flowers. Deflne regular 
flowers. In what ways may flowers be irregular? 

Note. — One needs a lens for the examination of the flower. It 
is best to have the lens mounted on a frame, so that the pupil has 
both hands free for pulling the flo ver in pieces. An ordinary pocket 
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lens may be raonnted on a wire in r block, hb in Fig. 198. A cork is 
slipped on the top of the wire to avoid injary to the face. The pnpil 
should be provided with two diseeoting needles (Fig. 1991, made by 
securing an ordinary needle in a 
pencil-like stick. Another con- 
venient arraugenient is shown in 
Fig. 200. A small tin dish ie used 
for the base. Into this a stiff wire 
Htandard is soldered. The dish U 
filled with solder, to make it heavy 
and firm. Into a cork slipped on 
the standard; a crosB-wiro is in- 
serted, holding on the end a ^^- i*"*"""* "*»■"!■ 
jeweler's glass. The lens oan be moved up and down and sidewise. 
This outfit can be made for about seventy-five cents. Fig. 201 shows 
a convenient hand-rest or dissecting st«nd to be ased under this lens. 
It may be 16 in. long, 4 in. high, and 4 or 6 in. broad. Various kinds 
of diBseotiog microBcopes are on the market, and these are to be 
recommended when they can be aAorded. 



C*Iyi-1obes sod petala affl 5. A fringe of hsira (or crown) gi 
Lhe peMli. The club-ahitped BtlemBB prolect. The (tsmena, S ii 
sUnd inside the eroim. 
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FERTILIZATION AltD POLLINATION 

259. EKBTmzATION. — Seeds result from the union of two 
elements or parts. One of these elements, a nucleus of a 
plant cell, is borne in the pollen-grain. The other element, 
an egg-eell, is borne in the ovary. The pollen - grain falls 
on the stigma (Fig. 202). It absorbs the juices exuded 
by the stigma and grows by sending out a tube (Fig, 203) . 
This tube grows downward through the style, absorbing 
food as it goes, and finally reaches the egg-cell in the 
interior of an ovule in the ovary, and fertilization, or 
union of the two nuclei, takes place. The ovule then 
ripens into a seed. The growth of the pollen-tube is 
often spoken of as germination of the pollen, but it is not 
germination in the sense in which the word is used when 
speaking of seeds, 

260, Better seeds — that is, those 
which produce stronger and more 
fruitful plants — usually resuli 
when the pollen comes from another 
flower. Fertilization effected be- 
tween different flowers is crosS' 
fertilization ; that resulting from 
the application of pollen to pis- 
tils in the same flower is close- 
fertilization or self-fertilization. 
It will be seen that the cross-ferti- 
lization relationship may be of many degrees— between two 
flowers in the same cluster, between those in different elus' 
ters on the same branch, between those on different plants. 
(128) 
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Usually fertilization takes place only between plants of 
the same species or kind. 

261. In many cases the pistil has the power of select- 
ing pollen when pollen from two or more sources is applied 
to the stigma. Usually the foreign pollen, if 
from the same kind of plant, grows and per- 
forms the office of fertilization, and pollen from 
the same flower perishes. If, however, no 
foreign pollen arrives, the pollen from the 
same flower may finally grow and fertilize 
the germ. 

262. In order that the pollen may grow, the ^^3 
stigma must he ripe. At this stage the stigma '^oWen. grain 

,, • i J 1- i- 1 A • germinating. 

IS usually moist and sometimes sticky. A ripe oreatiy mag- 
stigma is said to be receptive. The stigma 
may remain receptive for several hours or even days, 
depending on the kind of plant, the weather, and how soon 
pollen is received. When fertilization takes place, the 
stigma dies. Observe, also, how soon the petals wither 
after the stigma has received pollen. 

263. POLLINATION.— The transfer of the pollen from an- 
ther to stigma is known as pollination. The pollen may 
fall of its own weight on the adjacent stigma, or it may be 
carried from flower to flower by wind, insects, or other 
agents. There may be self-pollination or cross-pollination. 

264. Usually the pollen is discharged by the bursting 
of the anthers. The commonest method of discharge is 
through a slit on either side of the anther (Fig. 202). 
Sometimes it discharges through a pore at the apex, as in 
azalea (Fig. 204), rhododendron, huckleberry, winter- 
green. In some plants a part of the anther wall raises or 
falls as a lid^ as in barberry (Fig. 205), blue cohosh, May 
apple. The opening of an anther (as also of a seed -pod) 
is known as dehiscence. When an anther or seed -pod 

opens it is said to dehisce, 
I 
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265. Most flowers are so constructed as to increase the 
chances of cross-pollination. We have seen (261) that 
the stigina may have the power of selecting foreign pol- 
len. The coromonest means of insuring cross- 
I>ollination is the different times of maturing tf 
stamens and pistils in the same fiotcer. 
In most caBes the stamens mature first : 
the flower is then protcrandrous. When 
the pistils mature first the flower is 
proterogynoua. {Aner, andr, is a Greek 
root often used, in combinations, for jm. joj. 

stamen, and gyne for pistil.) The dif- *"i»™eB, ^"""me'ti 
ference in time of ripening may be an b?*^™' tiier'open' 
honr or two, or it may be a day. The '^'"™ i-Ktoiid,. 
ripening of the stamens and pistils at different times is 
known as dichogamy, and flowers of such character are 
said to be dichogamous. There is little chance for dieho- 
gamous flowers to pollinate themselves. Many flowers are 
imperfectly dichogamous— aome of the anthers mature simul- 
taneously with the 
pistils, so that there 
is chance for self- 
pollination in case 
foreign pollen does 
not arrive. Even 
when the stigma re- 
ceives pollen from 
its own flower, 
cross -fertilization 
may result {261). 
The hollyhock is 
aoe. Flower o( hoUyhock; proterandroun. proterandrous. 

Fig, 206 shows a flower recently expanded. The center is 
occupied by the column of stamens. In Pig. 207, showing 
an older flower, the long styles are conspicuous. 
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266. Some flowers Have so developed as to prohibit self- 
pollination. Very irregular flowers are usually of this cate- 
gory. Regular flow- 
era usually depend 
on dichogamy and 
the selective power 
of the pistil to in- 
sure crossing. Flow- 
ers which are very 
irregular and pro- 
vided with nectar and 
strong perfume are 
usually pollinated hy 
insects. Gaudy col- 
soT. Older tiower of hoiijhock. Qpg probably attract 

insects iq many cases, but perfume appears to be a greater 
attraction. The insect visits the flower for the nectar (for 
the making of honey) and may unknowingly carry the 
pollen. Spurs and sacs in the flower 
are nectaries, but in spurless flowers 
the nectar is usually secreted in the 
bottom of the flower-cup. Flowers 
which are polli- 
nated by insects 
are said to be 
entomophilous ' 
(" in sect- loving") . 
Fig. 208 shows a 
larkspur. The en- 
velopes are sepa- 
rated in Fig. 209. 
The long spur at l^.":T:Z'^^''. 

once su^ests in- ^- ^"«'o' ^^^v"- ti»« .» tour •m.ji peui.. 
sect pollination. The spur is a sepal. Two hollow petals 
project into this spur, apparently serving to guide the 
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bee's tongue. The two smaller petals, in front, are differ- 
ently colored and perhaps serve the bee in locating the 

nectary. The stamens ensheath the pistils 
) (Fig. 210). As the insect stands on the 

flower and thrusts his head into its center, 

the envelopes are pushed downward and 

outward and the pistil and stamens come 

in contact with his abdomen. Since the 

flower is pro- 

terandrous, the 

pollen which the 

pistils receive 

from the bee's 

abdomen must 

thepi.ti].. otij^p flower. 

Note a somewhat similar ar- 
rangement in the toad-flax or 
butter- and -eggs (Pig. 211). 

267. Many flowers are polli- 
nated by the wind. They are said 
to be anemophilous ( " wind- 
loving"). Such flowers produce 
great quantities of pollen, for 
much of it is wasted. They usu- 
ally have broad stigmas, which 
expose large surface to the 
wind. They are usually lacking 
in gaudy colors and in perfume. 
Grasses and pine trees are typi- 
cal examples of anemophilous ji,^ Ti»iI-«» is an entomophilooi 

plants. *•"""■ 

268. In many eases cross - pollitiation is insured 
because the stamens and pistils are in different flowers 
(diclinous, 257). When the staminate and pistillate 
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flowers are on the same plant, e. g., oak (Fig. 212), beech, 
chestnut, hazel, walnut, hichorj', the plant is moncecious 
("in one house")- When 
they are on different plante 
{poplar and willow, Fig. 
213), the plant is dicectous 
{"in two houses"). Monoe- 
cious and dioecious plants 
may be pollinated by wind 
or insects, or other agents. 
They are usually wind-polli- 
nated, although willows are 

often, if not niostiy, insect- '''' 'r^Tr''rf,,""£e^?tt: 
pollinated. The Indian com "^ ■"' ■^""" *" *'"'* p'""*- 

{Fig. 214) is a monoecious plant. The stamiuate flowers 
are iu a terminal panicle (tassel). The pietillate flow- 
ers are in a dense spike (ear), inclosed iu a sheath or 
husk. EJaeh "silk" is a style. Each pistillate flower pro- 
duces a kernel of corn. Sometimes a few pistillate flowers 
are borne in the tassel and a 
few staminate flowers on the 
tip of the ear. 

269. Although most flowers 

/'••^,"-^iw^."fivt are of such character as to 

insure or increase the chances 

of cross -pollination, there are 

some which absolutely forbid 

crossing. These flowers are 

usually borne beneath or on 

the ground, and they lack 

showy colors and perfumes. 

i"d pblTito'';«'!.n"diff^«;it They are known as cleia- 

B^>^*'- togamous flowers {meaning 

"hidden flowers"). The plant has normal showy flowers 

which maybe insect -pollinated, and in addition is provided 
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with these deg:enerate flowers. Only a few 
plants bear cleistogamoug flowers. Hog- 
peaout, GommoQ blue violet, fringed win- 
tergreen, and dalibarda are the best 
subjects in the northern states. Fig. 215 
shows a cleistogamous flower of the hog- 
peanut at a. Above the true roots, slen- 
der rhizomes bear these flowers, which are 
provided with a calyx and a curviog 
corolla which does not open. Inside are 
the stamens and pistils. The pupil must 
not confound the nodules on the roots of 
hog-peanut with the cleistogamous flow- 
ers : these nodules are concerned in the 
appropriation of food. Late in summer 
the cleistogamous flowers may be found 
just underneath the mould. They never 
rise above ground. The following sum- 
mer one may find a seedling plant with 

^'nionowimii^iSsntl ^^6 remains of the old cleistogamous 
fTon^ra'Kr'fn flowcr still adhcHng to the root. The 
piBtiiut'e%'owe"ra hog-pcauut is a common low twiner in 
bonis in the ear. woods. It also bears racemes of small 

pea-like flowers. Cleistogamous flowers usually appear 

after the showy flowers have passed. They seem to insure 

a crop of seed by a 

method which expends 

httle of the plant's 

energy. See Fig. 216. 

Eevibw. — What is fer- 
tilization! PollinatiOD 1 
Define crosB- and eelf-pol- 

liDBtion. Which gives the detotofwrnon. flow Bt a. 

better results, and howf What is mesnt b7 the selective power ot the 
pistilf Describe b receptive pistil. Exhibit one. B7 what agents is 
cross -pollination securedT Howis pollen diBchargedT What is tneent 
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by the word dehiseetioet What do jou nnderatand bj dichogamjl 
What if 



I itT What areeatomophilODH Gow- 



/ 



s offleef How frequent 
era? AnemopliilODa f Exhibit 
or explain one ol each. Wbat 
is the usual significance of ir- 
regularity in floweret Where is 
the nectar borne f What are 
monceoions and dicecious plantsT 
CleistogamousflowersI 

Note.— The means by which 
croas- pollination ia inaured are 
absorbing subjecta of study. 
It ia easy to give so much time 
and emphasis to the subject, 
however, that an inexperienced 
observer cornea to feel that per- 
fect mechanical adaptation of 
meaiiB to 

plants, whereas it is not. One 
is likely to lose or to overlook 
the sense of proportions and to 
form, wrong judgments. 

In studying cross -pollina- 
tion, one ia likely to look first 
for deTices which prohibit the 
stigma from receiving pollen 
from its own flower, but the 
better endeavor ia to determine 
whether there ia any meana to i 
len ; for the stigma may receii 
pollen. Bear in mind that irregular and odd forma in flowers, strong 
perfume, bright colors, nectar, postulate insect visitors; that incon- 
spicuous flowers with large protruding stigmas and much dry powdery 
pollen postulate wind-transfer; that regular and simple flowers de- 
pend largely on dichogamy, whether wind- or insect -pollinated. Host 
flowers are dtohogamous. 




jure the application of foreign pol- 
. both but utilize only the foreign 
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CHAPTER XX 

PARTICULAR FORMS OF FLOWERS 

270. GENERAL FORMS. — Flowers vary wonderfully in 
size, fomi, color, and in shapes of the different parts. These 
variations are characteristic of the species or kind of 
plant. The most variable part is the corolla. In many 
cases, the disguises of the parts are so great as to puzzle 
botanists. Some of the special forms, notably in the 
orchids, seem to have arisen as a means of adapting the 
flower to pollination by particular kinds of insects. A few 
well-marked forms are discussed below in order to illus- 
trate how they may differ among themselves. 

271. When in doubt as to the parts of any flower, look 
first for the pistils and stamens. Pistils may be told by 
the ovary or young seed-case. Stamens may be told by the 
pollen. If there is but one series in the floral envelope, 
the flower is assumed to lack the corolla: it is apetalous 
(257). The calyx, however, in such cases, may look like a 
corolla, e. g., buckwheat, elm, sassafras, smartweed, knot- 
weed (Fig. 193). The parts of flowers usually have a 
numerical relation to each other, — they are oftenest in 3's 
or 5's or in multiples of these numbers. The pistil is 
often an exception to this order, however, although its 
compartments or carpels may follow the rule. Flowers on 
the plan of 5 are said to be pentamerous ; those on the 
plan of 3 are trimerous {meraus is from Greek, signifying 
"member"). In descriptive botanies these words are often 
written 5-merous and 3-merous. 

272. The corolla often assumes very definite or distinct 
forms when gamopeteilous. It may have a long tube with 

(136) 
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a wide-flaring limb, when it is said to be funnelform, 
as in morning -glory {Fig. 217) and pumpkin. If the tube 
is very narrow and the limb stands 
at right angles to it, the corolla is 
Balverform, as in phlox (Fig, 218). 
If the tube is very short and the limb 
wide- spreading and nearly circular in 
outline, the corolla ia rotate or wheel- 
shaped, as in potato (Fig. 219). 

273, A garaopetalous corolla or 
gamosepalous calyx is often cleft in 
such way as to make two prominent 

parts. Such parts are said to be 217. Pdnneiform iiower oi 
lipped or labiate. Each of the lips inoratn<-»ioiT. 

or lobes may be notched or toothed. 
In 5-merous flo^/ers, the lower lip is 
usually 3-lobed and the upper one 
2-lobed. Labiate flowers ai-e ehar- 
aeteristie of the mint family (Fig. 
197), and the family therefore is 
called the Labiatee. (Pi-operly, labi- 
ate means merely lipped, withbut 
specifying the number of lips or 
lobes; but it is commonly used to 
designate 2 -lipped flowers.) Strongly 2-parted 
polypetalons flowers may be said to be labiate ; 
but the term is oftenest used for gamopetaloi 
corollas. 

274. Labiate gamopetalous flowers which are 
closed in the throat (or entrance to the tube) 
are said to be grinning or personate (personate 
Tae&Dsmasked, or person- like). Snapdragon is a ^'(i™4'aJ''^ 
typical example (Fig. 220); also toad-flax or '*''"■ 
butter -and -eggs (Fig. 211), and many related plants. 
Personate flowers usually have definite relations to insect 
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pollination. Observe how a bee forces his head into the 
closed throat of the toad-flax. 

275. LILY FLOWEKS.— In plants of the lily 
family (Liliacefie) the flowers are typically 
3-inerous, having three sepals, three petals, 
six stamens and a 3-earpeIled pistil. The 
parts in the different series are distinct from 
each other (excepting the carpels,) aud mostly 
free from other series. The sepals and petals 
are so much alike that they are distinguished 
chiefly by position, and for this reason the 
words calyx and corolla are not used, bat 
the floral envelopes are called the perianth 
and the parts are segments. Flowers of lilies 
and trilliums (Fig. 221) answer these details. 
Not all flowers in the lily family answer in all 
ways to this description. The term perianth 
is used in other plants than the Liliaeese. 
225 276. PAPILIONACKODS FLOWERS. — In the 

PersoBBte flowers pea and bean tribes the flower has a special 
of^pdtwon. ^^^ (Fig. 222). The 
calyx is a shallow 5-toothed tube. 
The corolla is composed of four 
pieces, — the large expanded part 
at the back, known as the stand- 
ard or banner; the two hooded 
side pieces, known as the wings; 
the single boat -shaped part be- 
neath the wings, known as the keel. 
The keel is supposed to represent 
two united petals, since the calyx 
aud stamens are in 5's or multi- 
ples of 5; moreover, it is com- 
posed of two distinct parts in eassit 
some other plants of the pea family. 



221, Flower o( Irminm. 
(Fig. 223) and 
Flowers of the 
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pea shape are said to be papil- 
ionaceous (Latin pajntio, a but- 
terfly). 

277. Flowers of the pea aud 
its kind have a pecu- 
liar arrangement of 
stamens. The sta- 
mens are 10, of which 
9 are united into a , 
tube which incloses 
the pistil. The tenth 
stamen lies on the upper edge 
of the pistil. The remains of 
these stamens are seen in Fig. 
190. The stamens are said to 
be diadelphous (" in two brother- 
hoods") when united into two 
groups. Stamens in one group 

1 flowBTS - would 



Sweet pe». be called 

monadelphous, and this arrange- 
ment occurs in some members of 
the LeguminosEB or pea family. 

278. MALLOW FLOWEKS. — The 
flowers of the mallow family are 
well represented in single holly- 
hocks (Figs. 206, 207) and in the 
little plant {Fig. 224) known as 
"' cheeses." The peculiar structure , 
is the column formed by the united 
filaments, the inclosed styles, and 
the ring of ovaries at the bottom 
of the style-tube. The flower is m. comi 
5-merous. Count the ovaries. tn 

They sit on the torus, but are p^ 



ss 



1" shirt bulton 



/f: 
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united in the center by the base of the style-tube, which 
forms a cone-shaped body that separates from the torus 
when the fruit is ripe. Do all of the ovaries develop, or 
are some crowded out in the struggle for existence T The 
calyx is often reinforced by bracts, which look like an 
extra calyx. These bracts form an involucre. An in- 
volucre is a circle or whorl of bracts standing just below 
a flower or a flower- 
cluster. The umbel of 
wild carrot (Fig. 180) 
has an involucre below 
it. A large family of 
plants, known as the 
Malvaceie or Mallow 
family, has flowers simi- 
lar to those of the holly- 
hock. To this family 
belong marsh mallow, 
althea,okra, cotton. Ob- 
serve that even though 
the hollyhock is a great 
tall- growing showy plant 
and the "cheeses" is a 
weak trailing iueonspic- 
uons plant, they belong 
to the same family, as 

225. AWy'.-,llpper,tomn.tratet!.e ^'»<"^" ^y ^^ StrUCturC 

oreud (amiij. of the flowers. 

279. ORCHID FLOWERS.— The flowers of orchids vary 
wonderfully in shape, size, and color. Most of them are 
specially adapted to iusect pollination. The distinguish- 
ing feature of the orchid flower, however, is the union of 
stamens and pistil in one body, known as the column. In 
Fig. 225 the stemless lady's-slipper is shown. The flower 
is 3-merous. One of the petals is developed into a great 
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sac or "slipper," known as the lip. Over the opening of 
this sae the column hangs. The column is shown in de- 
tail: a is the stigma; d is an anther, and there ia another 
similar one on the opposite side, bnt not 
shown in the picture; pis a petal-like sta- I 

men, which does not produce pollen. In 
most other orchids there are three good 
anthers. In orchids the pollen is usually 
borne in adherent masses, one or two 
masses occupying each sporangium of the 
anther, whereas in most plants the pollen 
is in separate grains. These pollen-masses 
are known technically as pollinia. Orchids 
from the tropics are much grown in choice 
greenhouses. Several species are common ^^ jMk-inthe-noi- 
in woods and swamps in the northern J'*,j^''.*'(J '',& 
states and Canada. pit"ii thespathe. 

280, SPATHB FLOWERS. — In many plants, very simple 
(often naked flowers) are home in dense, more or less 
fleshy spikes, and the spike is inclosed in or attended by a 
large corolla - like leaf, known as a 
spathe. The spike of flowers is techni- 
cally known as a spadix. This type of 
flower is characteristic of the great arum 
' family, which is chiefly tropical. The 
commonest wild representatives in the 
North are Jaek-in-the-pulpit or Indian 
turnip (Fig. 226) and skunk cabbage. 
In the former the flowers are all 
diclinous and naked. The pistillate 
flowers (comprising only a 1-Ioculed 

227. WUd Biter, wllh ill , , . .. , o .i 

iia»de,e8eh contain- ovary) are bome at the base of the 

lug MTOrai florets, gpa^jx, and the staminate flowers (each 

of a few anthers) are above them. The ovaries ripen 

into red berries. In the skunk cabbage all the flowers 
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are perfect and have four sepals. The common calla lily 
is a good example of this type of inflorescence. 

281. COMPOSITORS FLOWEES.— The head (anthodium) 
or so-called "flower" of sunflower (Pig. 177), thistle, aster 
(Pig. 227), dandelion, daisy, 
chrj'santhemum, golden-rod, is 
composed of several or viany 
Utile flowers, or florets. These 
florets are inclosed in a more 
or less dense and usually green 



involucre. In the thistle (Pig. 228) this involucre is 
prickly. A longitudinal section (Pig. 229) discloses the 
florets, all attached at bottom to a common torus, and 
densely packed in the involucre. The pink tips of these 
florets constitute the showy part of the head. 

282. Each floret of the thistle (Pig. 230) is a complete 
flower. At a is the ovary. At 6 is a much-divided plumy 
calyx, known as the pappus. The corolla is long-tubed, 
rising above the pappns, and is enlarged and 5-lobed at 
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the top, c. The style projects at e. 
The five anthers are united about 
the style in a ring at d. Such 
anthers are said to be syngc- 
nesious. These are the various 
-parts of the florets of the Com- 
positie. In some cases the pappus 
is in the form of barbs, bristles, or 
scales, and sometimes it is want- 
ing. The pappus, as we shall see 
later, assists in distributing the 
seed. Often the florets are not all 
alike. The corolla of those in the 
outer circles 
maybe devel- ^ai- *''™'*?''*''|J|lJ^*'"'^ "^'^ 

oped into a reU are large und bIiowt. 

long, strap-like or tubular part, and 
the head then has the 
appearance of being one 
' flower with a border of 
petals. Of such is the 
sunflower (Fig. 177), 
aster (Fig. 227), bache- 
lor's button or corn 

S32. Donble dahlias. In one. the florets have de- floWOr (Fig. 231), and 
veloped flat rare. In the other, the florets _ ,, - . ,„. -miw 

appBH M inroUed tijx*. fleld daisy (Fig. 169), 

These long corolla-limbs are called * 
rays. In some cultivated composites, \ 
all the florets may develop rajs, as in 
the dahlia (Fig. 232), and chrysan- 
themum. In some species, as dande- 
lion, all the florets naturally have 
?tiys. Syngenesious arrangement of/ 
anthers is the most characteristic sin- 
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283. ATTACHMENT OP THB FLOWER PARTS.— The parts 
of the flower may all be borae directly on the tome, or 
one part may be borae on another. With reference to 



234. Nnnlsens or daffadtl. Single Hover st the riiht^ doable flnmn at the left. 

the pistil or ovary, the stamens and envelopes may be at- 
tached in three ways : hypogynous, all free and attached 
under the ovary, as in Fig. 187 ; perigynous, or attached 
to a more or less evident eup suiTounding the ovary, as 
in Fig. 194; epigy- 
nous, some or all of 
them apparently 
borne on the ovary, 
as in Fig. 189. 

284. DOUBLE FLOW- 
ERS. — Under the 
stimulus of cultiva- 
tion and increased 
(ood-supply, flowers 
tend to become dou- 
True doubling 
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morphologically: (l) stamens or pistils may change topetals 
(Fig. 235) ; (2) adventitious or accessory petals may arise 
in the circle a/pet- 
als. Both of these 
categories may be 
present in the same 
flower, as in Figs. 
233, 234, and 235. 
In the full-double 
hollyhock, the pet- 
als derived from the 
staminal column are 
shorter and make 
a rosette in the cen- 
ter of the flower. 
Other modiflcations 
of flowers are sometimes known as doubling. For ex- 
ample, double dahlias (Fig. 232), chrysanthemums and 
sunflowers are forms in 
which the disk flowers have 
developed rays. The snow- 
ball is another case. In the 
wild plant (Pig. 236) the ex- 
ternal flowers of the cluster 
are large and sterile. In 
the cultivated plant (Fig. 
237) all the flowers have be- 
come large and sterile. Hy- 
drangea is a similar case. 
Review, — How do flowers 
117. (MH,.W....Wl,l..M.hJltl„ ■",yi„lon^t How .,. tk, ,,,- 
nowers In the ctogter hnTe become ioua parte determiDed in disguised 
iHie ud showy. floweret What are 5-merouH and 

3-merouB flowersf What are some of the eommoa forms of gamo- 
petaloua corollasT Describe alabiato flower. Personate. Lily flower. 
PapUionaoeous flower. What are monadelphouB and diadelphous eta- 



146 PARTICULAK F0BM8 OP PLOWBBS 

maosf Desccib* a mallow flower. Orebid flower. Spathaceous flower. 
CompositouB flower. What do you uBderstand by the terms hypo- 
1 gynouB, perigynoua, epigynoust How do 

^ flowers become doable? What is meant 

^ by doubling in compoaitous flowers T In 

\! snowball and bydrangeaT 

Note. — The flowers of graBHes are 
^ too difficult for the beginner, but if the 

\ pupil wishes to understand them he may 

begin with wheat or rye. The "head" or 
spike of wheat is made up of flowers 
and bracts. The flowers are in little 
clusters or «p«J:e/e(s {often called " breaBts" 
by farmers). One of the spikclets is 
shown at i, in Fig. 238. Each spikelet 
contains from 1-4 flowers or florets. The 
structure of the flower is similar to that 
of rye {Fig, 239) and other grasBes. The 
pistil has 2 feathery pro- 
truded stigmas (wind- 
pollinated) shown at a,. 
Fig. 239. There are 3 
stamens, 6, S, 6. There 
are minute scales in the 
, base of the flower {not 
shown in the cut) which 
probably represent true 
floral envelopes. These 
are iodicules. The larger 
2»8. Spikea ajid flowers ot "-bsK. niirtB c d are bracts 
«. bearilBBB wheat ; d,be8rd*d P«"8, c, a, are oracis, 
whBst: I), iplkelei in bloom; c. The larger one, d, BB the 
inrehaad. The beards in (i sre ^oirenng glume, and the 
nwnsoiitheliowBriiiBElnmfa. B^aller, C, is a palet. f 

The entire apikolet is also subtended by two brads 
or glumes; these are the two towerwost parts in 6, Fig, 
238. The glumes of the spikelet, and flowering glumes ^a,^^^"X'^, 
and palets of the flowers, constitute the chaff when l^gJ^'SflowM^ 
wheat is threshed. 6« titme. 
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285. The ripened ovary, with its attachments, is known 
as the fruit. It contains the seeds. If the pistil is simple, 
or of one carpel, the fruit also will have one compartment. 
If the pistil is compound, or of more than one carpel, the 
fruit usually has an equal number of compartments. The 
compartments in pistil and fruit are known as locules 
(from Latin locus, meaning "a place"). 

286. The simplest kind of fruit is a ripened 1-loculed 
ovary. The first stage in com- 
plexity is a ripened J2- or 
many - loculed ovary. Very 
complex forms may arise by 
the attachment of other parts 
to the ovary. Sometimes the 
style persists and becomes a 
beak (mustard pods, dentaria. 
Fig. 240) or a tail as in clema- 
tis ; or the calyx may be at- 
tached to the ovary; or the 
ovary may be imbedded in the 
receptacle, and ovary and re- 
ceptacle together constitute 
the fruit ; or an involucre 
may become a part of the 
fruit, as in the husk of the 

walnut and hickory, and cup 240. Dentaria. or tooth-wort, in fmit. 

of the acorn. The chestnut (Fig. 241) and the beech bear 
a prickly involucre, but the nuts, or true fruits, are not 

(147) 
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grown fast to it, and the involucre can scarcely be called 
a part of the fruit. A ripened ovary is a pericarp. A 
pericarp to which other parts adhere, has been called an 
^_^ accessory or rein- 

forced fruit. 

287. Some fruits 
are dehiscent, or split 
open at maturity (264) 
and liberate the seeds ; 
others are indehis- 
cent, or do not open. 
A dehiscent pericai'p 
is called a pod. The 
parts into which such 
a pod breaks or splits 
are known as valves. 
o In indehiscent fruits 
" the seed is liberated 
by the decay of the 
envelope, or by the rupturing of the envelope by the ger- 
minating seed. Indehiscent winged pericarps are known 
as samaras or key-fruits (consult Chapter XXII) . Maple, 
elm (Fig. 93), and ash (Fig. 127) are examples. 

288. PERICARPS. — The simplest pericarp is a dry, one- 
seeded, indehiscent body. It is known as an akene. A 
head of akenes is shown in Fig. 242, and the 
structure is explained in Fig. 191. Akenes may 
be seen in buttercup, hepatica, anemone, 
smart weed, buckwheat, 

289. A 1-loculed pericarp which dehisces 
along the front edge (that" is, the inner edge, 
next the center of the flower) is a follicle. The '"ot bnuet- 
fruit of the larkspur (Fig. 243) is a follicle. ''"'^ 
There are usually five of these fruits (sometimes three 
or four) in each larkspur flower, each pistil ripening into 
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a follicle (Fig. 244). If these pistils were united, a single 
compound pistil would be formed. Columbine, peony, nine- 
bark also have folli- 
cles; milkweed, also 
(Fig. 245). 

290. A 1-loculed 
pericarp which de- 
hisces on both edges 
is a legume. Peas 
and beans are typi- 
cal examples (Figs. 
246, 247): in fact, 
this character gives 
name to the pea-fam- 

ily. - Leeuminosaj. m b.^.. ., .1. ....b.™. ■ 

Often the valves of the legnme twist forcibly, and expel 
the seeds, throwing them some distance. The word pod 
is sometimes restricted to legumes, but it is better to use 
it generically (as in 287) for all dehiscent pericarps. 

291. A compound pod — dehiscing pericarp of two or 
more carpels — is a capsule (Figs. 248, 249). There are 

_ some capsules of one locule, bnt 
they were compound when young 
(in the ovary stage) and the 
partitions have vanished (Fig. 
250). Sometimes one or more 
of the carpels are ' uniformly 
crowded out by the exclusive 
growth of other carpels (Pig. 
2J1), The seeds or parts which 
are crowded out are said to be 
aborted. 

292. There are several ways in which capsules dehisce or 
open. When they break along the partitions (or septa), 
the mode is known as xpticidal dehiscence; Fig. 252 
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showB it. In septieidal dehiscence the fruit separates into 
parts representing the original carpels. These cai-pels 
may still be entire, and they then 
dehisce individually, usually along 
the inner edge as if they were folli- 
cles. When the compartments split 
in the middle, between the partitions, 
the mode is loculicidal dehiscence 
(Fig. 253). In some cases the dehis- 
cence is at the top, when it is said to 
be apical (although several modes of ^- ^'""- «"™pi"*>' » . 
dehiscence are here included) . When 
the whole top comes' off, as in purslane and garden portu- 
laca (Pig. 254) the pod is known as a pyxis. In some cases 
apical dehiscence is by means of a hole or clefts (Fig. 
255). In pinks and their allies the dehiscence does not 
extend much below the apex (Fig. 250). Dehiscence may 
be basal {Pig. 256). Two-Ioculed capsules which resem- 
ble legumes in external appearance are those of eatalpa 
and trumpet -creeper (Figs, 257, 258). 

293. The peculiar capsule of the mustard family, or 
CruciferBB, is known as a silique when it is distinctly 
longer than broad (Fig, 240), and a silicic when its 
breadth nearly equals or exceeds its length (Pig- 259). 
A cruciferous capsule is 2-carpelled, with a thin par- 
tition, each loGule containing seeds in two rows. The 
two valves detach from below 
upwards. Cabbage, turnip, mus- 
tard, cress, radish, shepherd's 
purse, sweet alyssum , wallflower, 
honesty, are examples. 

294, The pericarp may be 
283. AB^rewte (rolls of i«»pbe(w. fleshy and indehiscent. A pulpy 
pericarp with several or many seeds is a berry (Fig. 260). 
To the horticulturist a berry is a small, soft, edible fruit, 
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without particular reference to its structure. The botani- 
cal and horticultural conceptions of a berry are, therefore, 
unlike. In the botanical 






The edible i^ari is 



drupe. Examples are plui 



rants, grapes, tomatoes, 
potato - balls and even 
eggplant fruits (Pig. 261) 

^ are berries; strawberries, 
raspberries, blackberries 
are not. 

, 295. A fleshy pericarp 

coutaining one relatively 

*** large seed or stone is a 

{Fig. 262), peach, cherry, 



apricot, olive. The walls of the pit in the plum, peach, 
and cherry are formed from the inner coats of the ovary, 
and the flesh from the outer coats. Drupes are also 
known as stone fruits. 

296. Fruits which are formed by the subsequent union 
of separate pistils are aggregate fruits. The carpels in 
aggregate fruits are usually more or less fleshy. In the 
raspberry and blackberry flower, the pistils are essentially 
distinct, but as the pistils ripen they cohere and form 
one body. Fig. 263. Each of the carpels or 
pistils in the raspberry and blackberry ; 
little drupe, or drupelet. In the raspberry the 
entire fruit separates from the torus, leaving 
the torus on the plant. In the ~ 
blackbeiTy and dewberry the fruit 
adheres to the torus, and the two 
are removed together when the 
fruit is picked. 

297, ACCESSOEYFRUITS,— When ' 
the pericarp and some other part grow together, the fruit 
is said to be accessory or reinforced (286). An example 
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is the strawberry (Fig. 264). The edible part is a greatly 
enlarged torus, and the pericarps are akenes imbedded 
in.it. These akenes are commonly called seeds. 

298. Various kinds of reinforced fraits have received 

special names. One of these is 
the hip, characteristic of roses, 
Fig. 265. In this ease, the torus 
is deep and hollow, like an urn, 
and the separate akenes are borne 
inside it. The mouth of the re- 
ceptacle may close, and the walls 
sometimes become fleshy : the 

fruit may then be mistaken for 
m Pepo of «,n«li. ^ ^gj.j.y rj,^^ jj^jj, ^j ^^^ pg^j.^ 

apple, and quince is known as a pome. In this case the 
five united carpels are completely buried in the hollow 
torus, and the torus makes most of the edible part of the 
ripe fruit, while the pistils are represented by the core 
(Fig. 266). Fig. 267 shows the apple in bloom; Fig. 268 
shows young fruits, only one having formed in each clus- 
ter. In the lower lefthand flower of Fig. 267, note that the 
sepals do not fall. Observe the sepals on the top of the 
torus (apex of the fruit) in Fig. 268. In the plum flower 
(Fig. 194), note that the pistil sits free in the hollow 
torus: imagine the pistil and torus grown together, and 
something like a pome might result. The fruit of 
pumpkin, squash (Fig. 269), melon and cucumber 
is a pepo. The outer wall is torus, but the sepals 
do not persist, and the fruit is normally 3-locule(I 
(although the partitions may disappear as the fruit 

ripeis) • '^VrwTi 

299. GYMNOSPERMOUS FRUIM. — In pines, "p™**. 
Spruces, and their kin, there is no fruit in the sense in 
which the word is used iu the preceding pages, because 
>there is qo ovary. The ovules are naked or UHCovered, in 
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the axile of the scales of the young eone, and they have 
neither style nor stigma. The pollen falls directly on the 
month of the ovule. The ovule ripens into a seed (Fig. 
270) which is usually wiuged. Because the 
ovule is not borne in a sao or ovary, these 
plants are called gymnosperms 
(Greek for "naked seeds"). 
All the true cone-bearing plants 
are of this class; also certain 
other plants as red cedar, juni- 
per, yew. The plants are monce- 
cious or sometimes dicecious. 
The staminate flowers are mere 
naked stamens borne beneath 
scales, in small yellow catkins 
£71. Pistillate one which soon fall. The pistillate 
^^"^ta'S^f flowers are naked ovules beneath ^ pi^m^to 

the eommoDBBt of gcalCS OU COneS which persist mneofwhiW 

Si:."' ""'" (Figs. 271, 272). ^ ■"■ 

Review. — Wbat is a, fruit, aa understood hj the botaaitit T What 
ia a locule t What are simple, compouDd, and accessory or reinforced 
froits t Define pericarp. Pod. What are debiecent and indehiBcent 
fruits t What ie a Eiamara or key-fruit T Define akene. Follicle. 
Legume. Capsule. Explain septicidal and loculicidal dehiBcence. 
Apical dehiscence. Basal deuiscence. What is a pyxis T Sitique f 
Siliole t Berry t Drupe f Drupelet f Esplain an aggregate fruit. 
Explain the fruit of strawberry, roee, apple, squash. What is the 
fruit of pines and BprucesT 

Note. — Fully mature fruits are best for study, particularly if it ia 
desired to see dehiscence. For comparison, pistils and partially 
grown fruits should be had at the same time. If the fruits are not 
ripe enough to dehisce, they may be placed in the sun to dry. In the 
sehool it is Tvell to have a collection of fruits tor study. The speci- 
mens may be kept in glaas jars. 

The following diagram will aid the pupil to remember some of 
the fruits to which particular names have been given. He must be 
warned, however, that the diajtram does not express the order of evo- 
lation of tJie vsrioug kinds. He should also remember that there are 
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many eommon fruits nhich ausner to no deSnition, and these should 
be studied and compared with the fofms which have received definite 



akene (indehieceiit) 
follicle (dehiscent) 
legume (dehiscent) 
septic idal dehiscence 
looulioidal dehiscence 
apical debiscence. 

[PjKis. 



Compound 
(capsule) 



Fleshy pericarps j drupe 

L drupelet 
■ Aggregate pericarps 



Accessory Fbuits . 



Otmhospebhous OS Conb Fruits 



r strawberry 



CHAPTER XXII 



DISraRSAL OF SEEDS 

300. It is to the plant's advantage to have its seeds 
distributed as widely as possible. It has a better chance 

t ■ j*S? **' surviving in the struggle for exis- 

JLmA j^ My tencc. It gets away from competition. 

vX^'^L ^. Many seeds and fruits are of such 

M. no <^h^i'^<'t^>^ ^ ^ increase 

C^ their chances of wide dis- 

rpersal. The commonest 
means of dissemination - 
may be classed under four 
ZJ3. Eipiosivo traits of heads : explosive fruits ; 
SS'lrabo™ »t'?'™Thf transportation by wind ; 
i'''Thr.wn'^« ^the transportation by birds ; 

pod la wen ftt a. bvrS 

301. EXPLOSIVE FBUITS.— Some pods 
open with explosive force and scatter the 
seeds. Even beans and everlasting peas (Fig. 

246) do this. More marked 
examples are the locnst, 
witch hazel, garden balsam, 
wild jewel weed or impa- 
tiens, violet, and the oxalis ^ 
(Fig. 273). The oxalis is w*. Wineeuseeds 
'' common in several species » «> [•■ 
in the wild and in cultivation. One 
of them is known as wood -sorrel. 
Fig. 273 shows the common yellow 

_ oxalis. The pod opens locnlicidally. 

[158) 
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The elastic tissne suddenly contracts when dehiscence 
takes place, and the seeds are thrown violeutly. The 
squirting cucumber is easily grown in a garden {procure 
seeds of seedsmen), and the fruits discharge the seeds 
with great force, throwing them many feet. 



302. Wnro-TRAVELERS.— Wind-transported seeds are 
of two general kinds; — those which are provided with 
wings, as the flat seeds of catalpa (Fig. 274) and cone- 
bearing trees (Fig. 270) and the samaras of ash, elm. 
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27T. The eiiiAndliiK bsDoona of the milkneed. 

tulip-tree, ailaiithas, and maple; those which have feathery 
buoys or parachutes to enable them to float in the air. 
Of the latter kind are the fruits of many composites, in 
which the pappus is copious and soft. Dandelion (Fig. 
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275) and thistle (Fig. 276) are examples. The silk of 
the milkweed (Fi^. 277) has a similar office, and also the 
■wool of the cat-tail (Fig. 278). Recall the cottony seeds 
of the willow and poplar. 

303. DISPERSAL BY BIRDS.— Seeds of berries and of 
other small fleshy fruits are carried far and wide by 
birds. The pulp is digested, but the seeds are not 
injured. Note how the c&erries, raspberries, blackberries. 



and 

rows, wnere tne Diras rest, tsome ber- 
ries and drupes persist far into winter, when they sup- 
ply food to cedar birds, robins, and the winter birds. Fig. 
279. Red cedar is distributed by birds. Many of these 
pulpy fruits are agreeable as human food, and some of 
them have been greatly enlarged or "improved" by the 
arts of the cultivator. Consult paragraph 379 for the 
process by which such result may have been attained 

304. BUBS. — Many seeds and fruits bear spines, hooks, 
and hairs which adhere to the coats of animals and to 
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clothing. The burdock has an 
involucre 'with hooked scales, 
containing the fruits inside. 
Fig. 280. The clotbur is also 
an involucre. Both are compos- 
itous plants, allied to thistles, 
but the whole head, rather than 
the separate fruits, is trans- 
ported. In some compositous 
fruits the pappus takes the form 
of hooks and spines, as in the 
"Spanish bayonets" and "pitch- 
forks." Fruits of various kinds 
are known as "stick tights," as 
oE the agrimony and hound's 
tongue. Those who walk in 
the woods in late summer and 
faU are aware that plants have 
means of dissemiuating them- 

270. Drapes Qf thB Huck law. loved selves. Fig. 281. If it is im- 
oi robioa in winter. possible to identify the -burs 

which one finds on clothing, the seeds may be planted and 

specimens of the plant may 

then be grown. 

Review. — What advantage ia it 
to the plant to liave its Heeds 
widely dispersed I What are the 
leading way a in which fruits and 
aeeda are dispersedT Name some ex- 
plosive fruits. Despribe -wind-travel- 
ers. What seeds are carried by birdfil 
Describe some bur with which you 
are familiar. 

Note. — Thia lesson will suggest 
other ways in which seeds are trans- 
ported. Nuts are buried by squirrels vso. The tow 1b osnylng buidock*. 
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for food, but if thej i 
tnftny ptanta are blown < 



281. Stealtni ■ ride. 
for 1)811(181. These plants 



re not eaten they may grow. The eeeda of 
u tho enow. The old stalks of weeds, stand- 
igh the winter, may serve to disseminate the 
leeds are carried by water down the streams 
; shores. Ahoat woollen mills strange plants 
ring up from seed brought in the fleeces. 
ia the entire plant is rolled for miles before 
I. Sooh plants are "tumble-weeds." Esam- 

Bussian thistle (Fig. 99), hair-grass or 
rass (Panioum eapillare), cyclone plant {Oy- 

cloloma platyphyllum ) , and white amaranth 

(Amarantbus albus). About seaports 
' strange plants are oft«n found, having been 

introduced in the earth that is used in ships 
usually known as "ballast plants." Most 



>e fitted to the achool-room 

inlnin, coleus. Erevlllea, aoi 
1 in the conditions which sr 
ts become slek, Uke them t 




CHAPTER XXIII 

GERMINATION 

305. THE SEED.— -We have found (259) that by the pro- 
cess of fertilization a seed is formed. The seed contains a 
miniature plant or embryo. The embryo usually has three 
parts which have received names: the little stemlet or 
caulicle; the seed-leaf or cotyledon (usually lor 2); the 
bud or plumule lying between or above the cotyledons. 
These parts are well seen in the common bean (Fig. 282), 

particularly when the seed has been soaked 
for a few hours. One of the large cotyledons 
— comprising half of the bean — is shown at r. 
The caulicle is at c. The plumule is at a. 
bean? r.cotyie^ The cotylcdous are attached to the caulicle 
a?^piuiSSie^r^®! at /: this point is the first node, and the 
first node. plumule is at the second node, 

306. Every seed is provided w^ith food, to support the 
germinating plant. Commonly this food is starch. Thq 
food may be stored in the cotyledons, as in bean, pea, 
squash; or outside the cotyledons, as in castor bean, pine, 
Indian corn. When the food is, around the embryo, it is 
usually called endosperm. 

307. The embryo and endosperm are inclosed within a 
covering made of two or more layers and known as the 
seed-coats. Over the point of the caulicle is a minute hole 
or a thin place in the coats known as the micropyle. 
This is the point at which the pollen -tube entered the 
forming ovule and through which the caulicle breaks in 
germination. The micropyle is shown at m in Fig. 283. 
The scar where the seed broke from its funiculus or stalk 

(164) 
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is the hilum. It occupies a third of the length of the bean 
in Fig. 283. The hilum and micropyle are always present 
in seeds, but they are not always close together. In many 
cases it is difficult to identify the micropyle in the dormant 
seed, but its location is at once shown by 
the protruding caulicle as germination be- 
gins. Opposite the micropyle in the bean 
(at the other end of the hilum) is an eleva- ExtemS^parts of 
tion known as the raphe. This is formed ^*^- 

by a union of the funiculus or seed -stalk with the seed- 
coats and through it food was transferred for the develop- 
ment of the seed, but it is now functionless. 

308. Seeds differ wonderfully in size, shape, color, and 
other characteristics. They also vary in longevity. These 
characteristics are peculiar to the species or kind. Some 
seeds maintain life only a few weeks or even days, whereas 
others will "keep" for ten or twenty years. In special 
cases, seeds have retained vitality longer than this limit, 
but the stories that live seeds, several thousand years old, 
have been taken from mummies are unfounded. 

309. GERMIWATION. — The embryo is not dead: it is 
only dormant. When supplied with moisture, warmth, and 
oxygen (air), it awakes and grows: this growth is germina- 
tion. The embryo lives for a time on the stored food, 
but gradually the plantlet secures a foothold in the soil 
and gathers food for itself. When the plantlet is finally 
able to shift for itself, germination is complete. 

310. The germinating seed first absorbs water, and 
swells. The starchy matters gradually become soluble. The 
seed-coats are ruptured, the caulicle and plumule emerge. 
During this process the seed respires freely, throwing off 
carbon dioxid (CO2). Fill a tin box or large -necked bottle 
with dry beans or peas, then add water; note how much 
they swell. . Secure two fruit -jars. Fill one of thc^m a 
third full of beans and keep them moist. Allow the 
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other to remaia empty. la a day or two insert a lighted 
splinter or taper into each. In the empty jar the taper 
bums: it contains Oxygen. 
In the seed jar the taper 
goes out: the air has been 
replaced by carbon dioxid. 
Usually there is a percepti- 
ble rise in temperature in a 
mass of germinating seeds. 
311. The caulicle usually 
^ elongates, and from its lower 

284. The ronne roots sre not able tfl e»in end roots are emitted. The 
H foothold. elongating caulicle is known 

as the hypocotyl ("below the cotyledons"). That is, the 
hypocotyl is that part of the stem of the plantlet lying 
between the roots and the coty- 
ledon. The general direction oj 
the young hypocotyl or emerging 
caulicle is downwards. As soon 
as roots form it becomes fixed, 
and its subsequent growth tends 
to raise the cotyledons above the 
ground, as in the bean. When 
cotyledons rise into the air, germ- 
ination is said to be epigeal 
("above the earth"). Bean and 

pumpkin are examples. When J*8- Germination of bean. 

^^^^ the hypocotyl does not elongate greatly 

( ^jSlt'WJ^X ""^ ^^^ cotyledons remain under 
ground, the germination is hypogeal 
( " beneath the earth " ) . Pea and 
\ scarlet runner bean are examples. 
eie imd piuiniiis. When the germinating seed lies on a 

hard surface, as on closely compacted soil, the hypo- 
cotyl and rootlets may not be able to secure a foothold 
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and they assume grotesque forms. Fig. 284. Try this 
with peas and beans. 

312. The first internode above the cotyledons — be- 
tween the cotyledons and the plumule — is 
the epicotyl. It elevates the plumule into the 
air, and the plumule- leaves expand into the ^^ sprouting of 

first true leaves of the castor bean. 
plant. These first true leaves, however, 
may be very unlike the later leaves. 

313. GERMIWATION OF BEAN. — The 
common bean, as we have seen (Fig. 
282) has cotyledons which occupy all 
the space inside the seed -coats. When 
the hypocotyl or elongating caulicle 

_ ^ . . , emerges, the plumule -leaves have begun 

288. Germination of cas- i -i 

tor bean. Endosperm tO enlarge and tO 

unfold (Fig. 285). 

The hypocotyl elongates rapidly. One 

end of it is held by the roots. The 

other is held by the seed -coats in the 

soil. It, therefore, takes the form of 

a loop, and its central part "comes 

up" first (a, Fig. 286). Presently 

it draws the cotyledons out of the 

seed -coats, and then it straightens 

and the cotyledons expand. These 

cotyledons or "halves of the bean," 

persist for some time, (ft. Fig. 286). 
They often become green and probably 
perform some function of foliage. Be- 
cause of its large size, Lima bean shows 
all these parts well. 

314. GERMINATION OF CASTOR BEAN. 

280. Castor bean. Endo- — lu thc castor bcau the hilum and 
SriTatl'*''*'''''^^^' micropyle are at the smaller end (Fig. 




290. 



Germination complete 
in castor bean 
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287). The bean "comes up" with a loop, which indicates 
that the hypocotyl greatly elongates. On examining a 
germinating seed, however, it will be found 
that the cotyledons are contained inside a fleshy 
body or sac (a. Fig. 288). This sac is the en- 
dosperm. To its inner surface the 
thin, veiny cotyledons are very closely 
appressed, absorbing its substance 
(Fig. 289). The cotyledons increase 
in size as they reach the air (Fig. 
Indian corn. 290), and bccomc fuuctioual leaves. 





291. Sprout- 
ing Indian 
com. Hi- 
lum at h i 
micropyle 
at d. 



Caulicle at 

6; cotyledon 315. GERMINATION OF 

a ; plumule 

p. INDIAN CORN.— Soak kernels 





of corn. Note that the micropyle and hilum 

are at the smaller end (Fig. 291). 

Make a longitudinal section through 

the narrow diameter ; Fig. 292 shows 

it. The single cotyledon is at a, the f cauilie If 1";^ IZs 
caulicle at &, the plumule at p. The «^«rgingatm; piumuieatp. 

cotyledon remains in the seed. The food is stored 
both in the cotyledon and as endosperm, chiefly the lat- 
ter. The emerging shoot is the plumule, with a sheath- 
ing leaf {p, Fig. 293). The root is emitted from 
Ij the tip of the caulicle, c. The caulicle is held in a 
// sheath (formed mostly from the seed- coats), and 

some of the roots escape through the 

upper end of this sheath (m, Fig. 

293) . The epicotyl elongates, par- 

fjvw^ ticularly if the seed is 

planted deep or if it 
is kept for some time 
confined. In Fig. 294 
the epicotyl has elon- 
gated from n to p. The true plumule-leaf is at o, but 
other leaves grow from its sheath. In Fig. 295 the roots 




Indian com. o. plumule; 
71 to J9, epicotyl. 
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are seen emerging from the two ends of the eaulicle- 
sheath, c, m; the epicotyl has grown to p; the first 
plumule -leaf is at o. 

Review. — What does a seed contain! What do you understand 
by the embryo? What are its parts? Where Is the food in the seed? 
What are the seed -coats? What is 
the micropyle? Hilum? How may 
the position of the micropyle be 
determined? How do seeds differ? 
With what are these differences as- 
sociated? What is germination? 
Under what conditions does a seed 
germinate? When is germination 
complete? What is the first phenom- 
enon of germination? Explain the 
relation to O and CO2. Define hypo- 
cotyl. Epicotyl. Hypogeal and epi- 
geal germination. What becomes 
of the plumule? Explain germina- 
tion in a seed which you have 
studied. 

Note, — Pew subjects connected 
with the study of plant- life are so 
useful in school -room demonstra- 
tions as germination. The pupil 
should prepare the soil, plant the 
seeds, water them, and care for the 
plants. Plant in pots or shallow 
boxes. Cigar-boxes are excellent. 
The depth of planting should be 
two to three times the diameter of 
the seeds. It is well to begin the 
planting of seeds at least ten days 

in AdvATiPA of thfi IftsqoTi «.T»d tft ^^- Germination is complete. j>, top 

in aavance or xne lesson, ana to of epicotyl ; o, plumule-leaf ; m. 

make four or five different plantings roota; c, lower roots. 

at intervals. A day or two before the study is taken up, put seeds to 

soak in moss or cloth. The pupil then has a series from swollen 

seeds to complete germination, and all the steps can be made out. 

Dry seeds should be had for comparison. 

Good seeds for study are those detailed in the lesson, — bean, 

castor bean, com. Make drawings and notes of all the events in the 




NMnnl plintinKof the frnits of Norway maple. 297. The begiui 
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germiaation. Note the effects of unueaal conditionB, as planting too 
deep and too shallow and different sides np. For hypogeal germina- 
tion, nsa the garden pea, scarlet runner or Dutch case-knife bean, 
acorn, horse -eheBtnnt. Sqaash seeds are excellent for germination 
studies, because the cotyledons become green and leafy and germina- 
tion is rapid. Its germination, as also that of the scarlet runner 
bean, is explained in "Lessons with Plants." Onion as excellent, 
except that it germinates too slowly. Id order to study the root 
development of germinating plantlets, it is well to provide a 
deeper box with a glass side against which the seeds are planted. 

Observe the germination of any seed which is common about the 
premiseB, Where elms and maples are abundant, the germination of 
their seeds may be studied in lawna and along fences. Figs. 296 to 
303 suggest observations on the Norway maple, which is a common 
ornamental tree. 

t "When studying germination, the pupil should note the bifferences 
in shape between cotyledons and plumule -leaves and between plu- 
roule-Ieaves and the normal leaves of the plant. Fig. 143. Uaks 
drawings. 
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CHAPTER XXIV 
PHENOOAVS AHP CRTPTOOAHS 

316. The plants thus far studied produce flowers; and 
the flowers produce seeds by means of which the plant 
is propagated. There are other plants, however, which 
produce no seeds, and these plants are more numerous 
than the seed-bearing plants. These plants propagate by 
means of spores, which are usually simple generative cells 
containing no embryo. These spores are very small, and 
sometimes are not visible to the naked eye. 

317. Prominent amongst the spore -propagated plants 
are ferns. The common Christmas fern (so-called be- 
cause it remains green during winter) is shown in Fig. 
304. The plant has no trunk. The leaves spring di- 
rectly from the ground. The leaves of ferns are called 

fronds. They vary in shape, as 
other leaves do. Compare Fig, 
125 and the pictures in this chap- 
ter. Some of the fronds are seen 
to be narrower at the top. If 
these are examined more closely 
(Fig. 305) it will be seen that the 
leaflets are contracted and are 
densely covered beneath with 
J brown bodies. These bodies are 
> collections of sporangia or spore- 
""'""""'■ cases. 

318. The sporangia are collected into little groups, 
known as sori (singular, sorus) or fruit- dots. Each 
Borus is covered with a thin scale or shield, known as an 

(172) 
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indusium. This indusiam separates from the frond at 

its edges, and the sporaDgia are exposed. Not all ferns 

have indusia. The polypode (Figs, 

306, 307) does not: the sori are 

naked. In the brake (Fig. 308) and 

maiden-hair (Fig. 309) the edge of 

the frond turns over and forms an 

indusium. In some ferns (Fig. 310) 

an entire frond becomes contracted 

to cover the sporangia. In other t 

cases the indusium Is a sac-like cov- ' 

ering, which splits (Fig. 311). 

319. The sporangium or spore- 
case of a fern is a more or less 
globular body and usually with a * 
stalk (Fig. 307), It contains the "™-itiii«indn«ioin,rtft. 
spores. When ripe it bursts and the spores are set 
free. Lay a mature fruiting frond of any fern on white 
paper, top side up, and allow it to remain in a dry, warm 
place. The spores will discharge on the paper. 

320. In a moist, warm place the spores germinate. 
They produce a small, flat, thin, green, more or less 

heart-shaped membrane (Fig. 

312) . This is the prothallus. 

Sometimes the prothallus is 
an inch or more 
across, but oft- 
ener it is less 
than one- fourth 
this size. It is 
commonly nn- 

Boe. Common polrpode ferB.- 30T. Sort md .wwn- knOWn CXCCpt 
Polypodlnm vQlgate. glum of poljiode. ^q botauists. 

Prothalli may often be found in greenhouses where ferns 
are grown. Look on the moist stone or brick walls, or 
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on the firm soil of uodisturbed pots and beds. Or spores 
may be sown in a damp, warm place. 

321. On the under side of the prothallug two kinds 
of organs are borne. These are the archegonium and 

the antheridium. These organs are mi- 
nute specialized parts of the prothallus. 
Their positions on a particular prothal- 
lus are shown at a and b in Fig. 312, 
undBrnesth the revo- Dut m some lems they are on separate 
jni«ed([moftheie»(. prothalU (plant dioecious). The sperm- 
cells escape from the antheridium and in the water which 
collects on the protltallus are carried to the archegonium, 
where fertilization takes place. From a fertilized arche- 
gonium a plant grows, and this plant becomes the "fern." 
In most cases the prothallus dies soon after the fern 
plant begins to grow. 

322. The fern plant, arising from the fertilized egg in 
the archegonium, becomes a perennial plant, each year 
producing spores from its fronds, as we have seen; but 
these spores — which are merely detached special kinds of 
cells — produce the prothallie phase of the fern plant, from 
which new individuals 

arise. A fern is fer- 
tilized but once in its 
lifetime. This alterna- 
tion of phases is called ' 
the alternation of gen- 
erations. The first or 
fertilized plant is the 
gametophyte ; the sec- 
ond or non - fertilized ^- »«fl"«d mue^na ot a. maidBnhalr frond. 

plant is the sporophyte (phyton is Greek for "plant"). 

323. The alternation of generations mns all through 
the vegetable kingdom, although there are some groups 
of plants in which it is very obscure or apparently want- 
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ing. It is very marked in ferns and mosses. In algse 
(including the seaweeds) the gametophyte makes the 
"plant," as the non-botanist knows 
it. There is a general tendency, in 
the evolution of the vegetable kingdom, 
for the gametophyte to lose its reta^ 
tive importance and for the sporophyte 
to become larger and more highly de- 
veloped. In the seed-bearing plants 
the sporophyte generation is the only 
one seen by the non- botanist. The 
gametophyte stage is of short dura- 
tion and the parts are small : it is 

confined to the time 3»*- s""*"* mid «Mriie bond; 

, „ ,.,. ,. ol the BBnalllvB (em. 

of fertilization. 

324. The sporophyte of seed-plants, 
• the "plant" as we know it, produces 
)ores — one kind being called pollen- 

gratns and the other kind embryo-sacs. 
I The pollen-spores are borne in sporan- 
sn. A ewiiie mdjaium. ^^_ -^hioh are united into what are 
called anthers. The embryo-sac, which contains the egg- 
cell, is borne in a sporangium known as an ovule. A 
gametophytic stage is present in 
both pollen and embryo-sac: fer- 
tilization takes place, and a sporo- 
phyte arises. Soon this sporo- 
phyte becomes dormant, and is 
then known as an embryo. The 
embryo is packed away within 
tight-fitting coats, and the entire 

body is the seed. When the con- 3i2- Prothaiiiu ot » (em. Bnimged. 
ditions are right the seed grows, 

and the sporophyte grows into herb, bush, or tree.' The 
utility of the alternation of generations is not understood. 
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325. It happens that the spores of seed-bearing plants 
are borne amongst a mass of specially developed leaves 
known as flowers : therefore these plants have been known 
as the flowering plants. Some of the leaves are devel- 
oped as envelopes (calyx, corolla), and others as spore- 
bearing parts, or sporophylls (stamens, pistils). But the 
spores of the lower plants, as of ferns and mosses, may 
also be borne in specially developed foliage, so that the 
line of demarcation between flowering plants and flower- 
less plants is not so definite as was once supposed. The 
one definite distinction between these two classes of plants 
is the fact that one class produces seeds and the other 
does not. The seed -plants are now often called sperma- 
phytes^ but there is no single coordinate term to set off 
those which do not bear seeds. It is quite as well, for 
popular purposes, to use the old terms, phenogams for 
the seed -bearing plants and cryptogams for the others. 
These terms have been objected to in recent years be- 
cause their etymology does not express literal facts (phe- 
nogam refers to the fact that the flowers are showy, and 
cryptogam to the fact that the parts are hidden), but the 
terms represent distinct ideas in classification. Nearly 
every word in the language has grown away from its 
etymology. The cryptogams include three great series 
of plants — the Thallophytes or algsB, lichens and fungi, 
the Bryophytes or moss -like plants, the Pteridophytes or 
fern -like plants. In each of these series there are many 
families. See Chapter XXV. 

Review. — What is a spore? Describe the appearance of some 
fern plant which you have studied. What are the spores and spor- 
angia? What is a sorus? Indusium? What grows from the spore? 
How does the new "fern" plant arise? What is meant by the phrase 
"alternation of generations"? Define gametophyte and sporophyte. 
Describe the alternation in flowering plants. Explain the flower from 
this point of view. What is the significance of the word sperma- 
phyte? Contrast phenogam and cryptogam. 
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Note. — All the details of fertilizatioD and of tiie development of 
the generatione are omitted from this book, because they are subjects 
for specialists and demand more training in. research methods tban 
the high-school pupil can properly give to plant study. Cryptogams 
are perhaps as many as phenogams, and for this reason it has been 
urged that they are most proper subjects for study in the school. 
This position is untenable, however, for the best ptaut subjects for 
youth are those which mean most to bis life. It is said, also, that 
they are best for the beginner because their lite-proeeBses are rel- 
atively simple in many eases; but the initial study of plants should 
bo undertaken for the purpose of quickening the pupil's perception 
of common and familiar problems rather thsji for the purpose of 
developing a technical knowledge of a given science. 



CHAPTER XXV 

STUDIES IN CRTPTOGAHS 

The special advanced pupil who has acquired skill in 
the use of the compound microscope, may desire to make 
more extended excursions into the cryptogamous orders. 
The following plants, selected as examples in various 
groups, will serve as a beginning, 



The algfe oompriee most of the green floating "scum" which 
ooverB the eurfaoe of ponds and other quiet waters. The masses of 
plants are often called "frog spittle," Others are attached to stones, 
pieces of wood, and other objects milimerged in streams and lakes, 
and many are found on moist ground and on dripping 
rocks. Aside from these, all the plants common! j known 
as seaweeds belong to this category. Thej are inhab- 
itants of salt water. 

The simplest forms of t-igm consist of a single 
spherical cell, which multiplies by repeated division or 
fission. Most of the forms found in fresh water are flla- 
mentons, i. e,, the plant-body consists of long threads, 
either simple or branched. Buch a plant- body is termed 
a ihallus. This term applies to the vegetative body of 
all plants which are not differentiated into stem and 
leaves. 8uch plants are known as tltallophytca (325). All 
algiB contain chlorophyll, and are able to assimilate car- 
bon dioiid from the air. This distinguishes them from 
ai3. Strand of the fungi. 
B h'o'win'ri Spirogyra. — One of the most common forms of the 

the chloro- green algEe is spirogyra (Fig. 313). This plant usually 
There Is a forms the greater part of the Boating green mass on 
nncleuBato. ponds. The filamentous character of the thallus can be 
seen with the naked eye or with a hand-lens, but to study it care- 
fully a. microseope magnifying two hundred diameters or more should 
(178) 
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be used. The thread is divided into long cells by oross-wslla which, 
accordiug to the apecieB, are either straight or ouriouslj folded (Fig. 
314). The chlorophjil is arranged in beautiful spiral bands near 
the wall of each cell. From the oharacter of these bands the plant 
takes its name. Each cell is provided with a nucleus 
and other protoplasm. The nueleiia is suspended near 
the center ot the cell, o, Fig. 313, by delicate strands 
of protoplasm radiating toward the wall and terminat- 
ing at certain points in the chlorophyll band. The 
remainder of the protoplasm forms a thin layer lining 
the wall. The Interior of the cell is filled with 
oell-sap. The protoplasm and nucleus cannot be 
easily seen, but if the plant is stained with a dilute 
alcoholio BOlation of eosin (146) they become clear. 

Spirogyra is propagated vegetatively by the brew- 
ing off of parts of the threads, which continue to grow 
as new plants. Resting- spores, which may remain 
dormant for a time, are formed by a process known as 
eonjngafioti. Two threads lying side by side send out 
short projections, usually from all the cells of a long 
series (Pig. 314). The projections or processes from ^"j Conjugation 
opposite cells grow toward each other, meet and fuse, Bipeiyeospotea 
forming a connecting tube between the cells. The conneo t in'ii 
protoplasm, nucleus, and chlorophyll band of one ceil tubaa, 
now pass through this tube, and nnite with the contents of the other 
cell. The entire mass then becomes surronnded by a thick cellulose 
wall, thus completing the resling-spore, or eygospore (Fig. 314, «). 

Vaacheria is another alga common in shallow water and on damp 
soil. The thallus is much hrancbed, but the threads are not divided 
by eroBS-wfllls as iti spirogyra. The plants are attached by means of 
colorless root-like organs which are much like the root-hairs of the 
higher plants r these are rhizoids. The chlorophyll is in the form of 
grains scattered through the thread. 

Vauoheria has a special mode of vegetative reproduction by means 
of swimming spores or »v>arm'apoTe&. These are formed singly in a 
short, enlarged lateral branch known as the aporaagiam. When the 
sporangium bursts the entire contents escape, forming a single large 
swarm-spore, which swims about by means of numerous lashes or cilia 
on its surface. The swarm-spores are so large that they can be seen 
with tbe naked eye. After swimming about for some time tbey come 
to rest and germinate, producing a new plant. 

The formation of resting -spores of vanoherJa is accomplished 
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by meauB of special organs, oogonia Pig. 315. o, and antheridia Pig, 
315, a. Both ot these are Bpecially developed branches from the 
thatloB. The antheridia are nearly cylindrical, and curved toward 
the odgonia The upper part 
of an antheridiura is out off 
by a croBs-wall, and within 
it numerous ciliated aperm- 
cetls are formed. These escape 
by the ruptured apes of the 
antheridinm. The oogonia are 
more enlarged than the an- 
theridia and have a beak-like projeotion tamed a little to one Bide 
of the apex. They are separated from the thallus- ^ 

thread by a crOBa-wall, and contain a single large j^M 

green cell, the egg-cell. The apex of the oQgonium jBH 
is dissolved, and through the opening the sperm-oellB Sff 
enter. Fertilization is thus accomplished. After ferti- •?^S«r' 
lization the egg-cell becomes invested with a thiok wall -«tasfi*"»- 
and is thus converted into a resting -spore, the oospore 3'*- 

(Fig. 316). of^»^l^. 

FUNGI 
Some forms of fuugi are familiar to every one. Mushrooms. and 
toadstools, with their varied forms and colors, are eotmnotrih fields, 
woods, and pastures. In every household the common moulds are 
familiar intruders, appearing on old bread, vegetables, and even within 
tightly seated fruit jars, where they form a leU-like layer dusted over 
with bine, yellow, or blackpowder (181). The 
strange occurrence of these plants long mysti- 
fied people, who thought they were produc- 
tions of the dead matter upon which they grew, 
bnt now we know that a mould, like any other 
plant, cannot originate spontaneously; it must 
start from something which is analogous to a 
seed. The "Becti" in this case is a, spore. The 
term spore is applied to the minute reproduc- 
tive bodies of all flowerless plants. A spore is 
a very simple structure, usually of only one 
plant cell, whose special function is to repro- 
dooe the plant. A spore may be prodnced by a vegetative process 
(growing out from the ordinary plant tissues), or it may be the re- 
sult of a fertilization process <316), 
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Mould. — One of these moulds, Mucor mueedo, which is very com- 
moa on all decaying fruils and vegetablea, is shown in Fig. 317, some- 
what magnified. When fruiting, this mould appears as a dense mass 
ol long white hairs, often over an inch high, standing erect from the 
nO- fruit or vegetable upon which it is growing. 

0£> The life of this mucor begins with a minute 

rounded spore (a, Fig. 318), which lodges on the 
decaying material. When the spore germinates, 
it sends out a delicate thread which grows rapidly 
818. Spores of mueori in length and forms very many branches which 
Bome sarminstiDc. gp^j, permeate every part of the substance on which 
the plant grows (h. Fig. 318). One of these threads is termed ahypha. 
Alt the threads together form the mycelium of the fungus (ISO). The 
mycelium disorganizes the material in which it grows, and thus nour- 
ishes the mucor plant (Fig. 317). It corresponds physiologically to 
the roots and stems of other plants. 

When the mycelium is about two days old it begins to form the 
long fruiting stalks which we first noticed. To study them, use a 
compound microscope magnifying abont two hundred diameters. One 
of the stalks, magnified, is shown in Fig. 319, a. It consists of a 
rounded head, the sporangium, sp, supported on a long, delicate stalk, 
the sporangiophore, st. The stalk is separated from the sporangium 
by a wall which is formed at the base of the sporangium. This wall, 
however, does not extend straight across 
the thread, hut it arches up into the spor- 
angium like an inverted pear. It is known 
OS the eoluntella, c. When the sporangium k 
is placed in water, the wall immediately 
dissolves and allows hundreds of spores, 
which were formed in the cavity within 
the sporangium, to escape, b. All that is 
left of the fruit is the stalk, with the pear- 
shaped columella at its summit, e. The 
spores which have been set free by the 
breaking of the sporangium wall are now 
scattered by the wind and other agents. 

Those which lodge In favorable places be- 3l»- Mucor. a. aporsngiumi 
gm to grow immediately and reproduce *. colomeUn. 

the fungus. The others soon perish. 

The mucor may continue to reproduce itself in this way indefi- 
nitely, hot these spores are very delicate and usually die if they do not 
fall on favorable ground, bo that tho fungus is provided with another 
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means of carrying itself over unfavorable seasons, as winter. This is 
accomplished by means of curious thick- walled resting- spores or zygo- 
spores. The zygospores are formed on the mycelium buried within 
the substance on which the plant grows. They originate in 
the following manner : Two threads which lie near to- 
gether send out short branches, which grow toward each 
other and finally meet (Fig. 320). The walls at 
the ends, a, then disappear, allowing the contents 
to flow together. At the same time, however, two 
other walls are formed at points farther back, &, h, 
separating the short section, c, from the remainder 
of the thread. This section now increases in size 
and becomes covered with a thick, dark brown wall 
ornamented with thickened tubercles. The zygo- 
spore is now mature and, after a period of rest, 
it germinates, either producing a sporangium di- 
rectly or growing out as mycelium. 

The zygospores of the mucors form one of the 

most interesting and instructive objects among the 

320. ^ucor showing lower plants. They are, however, very difficult to 

formation of zygo- obtain. One of the mucors, Sporodinia grandis, 
spore on tne ngnt ; *.«=./ 

germinating zygo- may be frequently found in summer growing on 
spore on t e e t. toadstools. This plant usually produces zygospores, 
which are formed on the aerial mycelium. The zygospores are large 
enough to be recognized with a hand -lens. The material may be 
dried and kept for winter study, or the zygospores may be prepared 
for permanent microscopic mounts in the ordinary way. 

Willow mildetv.— Most of the moulds are saprophytes (181). 
There are many other fungi which are parasitic on living plants and 
animals. Some of them have interesting and complicated life-his- 
tories, undergoing many changes before the original spore is again 
produced. The willow 
mildew and the common 
rust of wheat will serve 
to illustrate the habits of 
parasitic fungi. 

The willow mildew, 
Uncinula salicis, forms 
white downy patches on 

the leaves of willows (Fig. 321). These patches consist of numer- 
ous interwoven threads which may be recognized as the mycelium 
of the fungus. The mycelium in this case lives on the surface of the 
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)ea( and nouriabes itself hj sending short branches into the cells ol 
the leaf to absorb food -materials from tbem. 

Numerons Summer -spores are formed on short erect branches all 
over the white surface. One of these branebes is shown in Pig. 322. 
When it has grown to a certain length, 
the upper part begins to segment or di- 
vide into spores which fall and are scat- 
tered \>f the wind. Those falling on 
other willows reprodncethe fungus there. 

This process continues all summer, '> 
but in the later part ot the season pro- 
vision is made to maintain the mildew 
thrcngh the winter. If some of the white 

patches are closely examined in July or 322. Somnier-apores o( willow 
August, a Dumber of little black bodies °''^'*'""' 

will be seen among the threads. These little bodies are called peri- 
theeia, shown in Fig. 323. To the naked eye they appear as minute 
speoks, bnt when seen under a raagnifioation of 200 diameters tbey 
present a very interesting appear- 
ance. They are hollow spherical 
bodies decorated around the Out- 
side with a f rings of crook -like 
hairs. The resting- spores of the 
willow mildew are produced in 
sacs or asd inclosed within the 
leathery perithecia. Fig. 324 
shows a cross-section of a, peri- 
tbeoium with the asci arising 
from the bottom. The spores 
remain secnrely packed in the 
perithsoia. They do not ripen in 
the autumn but fall to the eround 
323. PBrithMiniD of wUlow mUdew. . , ,u . . , j.^ ■ 

With the leaf and there remam 

securely protected among the dead foliage. The following spring 
they mature and are liberated by the decay of the 
perithecia. They are then ready to attack the un- 
folding leaves of the willow and repeat the vork 
of the summer before. 

Wheal rust. — Tha development of some of the o 
rusts, like the common wheat rust (Puccinia gra- 
minis), is even more interesting and complicated su, Swtion tbroa«h 
than that of the mildews. Wheat rust is also a W mildew. 
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true parasite, affeotiQi; wheat sod a few other grasseH. The mjoeltnm 
here cannot be seen by the unaided eye, for it consists of threads 
which are present within the host plant, inoatly in the intercellular 
spaces. These threads also send short 
branches, or haustoria (180), into the 
neighboring cells t« absorb nutriment. 

The resting -spore 8 of wheat rust are 
produced in late summer, when they may 
be found in black lines brealting through 
the epidermis of the wheat-stalk. They 
are formed in masses, called sari {Fig. 
325), from the ends of numerous crowded 
myoelial strands just beneath the epider- 
mis of the host. The individual spores 
are very small and oaii be well studied 
only with high powers of the microscope 

kfc^J oontalning lelen- (X *bout 400). They are brown two- 
I Jj^ftporeB of nhest celled bodies with a thick wall (Fig. 
. f ^^|r*' 326). Since they are the resting- or win- 

■ ^^Dl ter-apores, tliey are termed tel&ulo^ores 

("completed spores"). They usually do not fall, but remain in the 
sori duringwinter. The following spring each cell of the teleutospore 
puts forth a rather stout thread, which does not grow more than sev- 
eral times the length of the spore and terminates in a blunt 
extremity (Fig. 327). This germ-tube, or Sostdiura, now 
becomes divided into four cells by cross-walls, which are 
formed from the top downwards. Each cell gives rise to a 
short, pointed branch which, in the course of a few hours, 
forms a single small spore at its summit. In. Fig. 327 a 
germinating spore is drawn to show the baaidium, b, divided 
into four cells, each producing a short branch 
with a little spore, 3. 

A, most remarkable circumstance in the 
life-history of the wheat rust is the fact that 
the mycelium produced by the teleutoapore 
can live only in barberry leaves, and it fol- 
lows that if no barberry bushes are in the 
neighborhood the teleutospores finally perish. 
Those Which happen to lodge on a barberry ' 
buah germinate immediately, producing a mycelium which enters the 
barberry leaf and grows within its tissues. Very soon the fungus 
produces a new kind of spores >ou the barberry leaves. These are 
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called <Bcidiosporea, They are formed ia lonf* ebalna fn Itttle fringed 
cups, or tecidia, wbieh appear in groups on the lower aide of the leaf 
(Fig. 326). Theee orange or yellow tecidia are termed cluHtor-capa. 
In Pig. 329 is shown a oross-sectioD of one of the oups, outlining 
the long chains of spores, and the 
mycelium in the tisanes. 

The tecidioepores are formed in 
the spring, and after they have been 
set free some of tliem lodge on wheat 
r other graRsea, where they germi- 
mL«(<i(bMl«rrrwitlieln.ur-™p.. na*» immediately. The germ-tube 
enters the leaf through a stomate, 
whence it spreads among the cells of the wheat plant. During sum- 
mer one-oelled vredospores ("blight spores") are produced in a man- 
ner similar to the telentospores. These are capable of germinating 
immediately and eerve to dissemtnate the fungus during the summer 
on other wheat planta or grasses (Fig. 330). Late in the season, 
teleutospores are again produced, 
oompleting the life cyole of the 

Many rusts beside Puccinia 
graminis produce different spore- 
forme on different plants. The 
phenomenon ia eaUed heterce^tm, 
and was first shown t« exist in 
the wheat rust. Cnriouely enough, 
the peasants of Europe had ob- 
served and asserted that barberry 
bnshea cause wheat to blight long 
before science explained the rela- 
tion between the cluster-onps on 
^> ^^ barberry and the mat 

^^3P on wheat. The true 

rep^B relation was actually 329- S«tion Ihrongh » eluslec-cup on 

33(,_ demonstrated, as has b«b.rrT l«t. 

Uredospons of Since been done for many other rusta on their respective 
whutnut. ij0gtg \yj sowing the cwidioBporea on healthy wheat 
ptanta and thus producing the mat. The cedar apple is another met, 
producing the onrions swellings often found on the branches of red 
cedar trees. In the spring the teleutospores ooze out from the 
"apple" in brownish yellow masses. It has been found that these 
attack various fruit trees prodncing leoidia on their leaves. 
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LICHENS 

Lichens are so common everywhere that the attention of the 
student is sure to be drawn to them. They grow on rocks (Fig. 346), 
trunks of trees, old fences, and on the earth. They are too difficult 
for beginners, but a few words of explanation may be useful. 

Lichens were formerly supposed to be a distinct or separate tribe 
of plants, and many species have been described. They are now known 
to be the green cells of various species of algsB, overgrown and held 
together (imprisoned) by the mycelium of various kinds of fungi. 
The result is a growth unlike either component. This association of 
alga and fungus is usually spoken of as symbiosis , or mutually help- 
ful growth, the alga furnishing some things, the fungus others, and 
both together being able to accomplish work which neither could do 
independently. By others this union is considered to be a mild form 
of parasitism, in which the fungus profits at the expense of the alga. 
As favorable to this view, the facts are cited that each component is 
able to grow independently, and that under such conditions the algal 
cells seem to thrive better than when imprisoned by the fungus . 

Lichens propagate by means of soredia, which are tiny parts 
separated from the body of the thallus, and consisting of one or more 
algal cells overgrown with fungous threads. These are readily 
observed in many lichens. They also produce spores, usually asco- 
spores, which, are always, the product of the fungous element, and 
which reproduce the lichen by germinating in the presence of algal 
cells, to which the hyphsB immediately cling. 

Lichens are found in the most inhospitable places and, by means 
of acids which they secrete, they attack and slowly disintegrate even 
the hardest rocks. By making thin sections of the thallus with a 
sharp razor and examining under the compound microscope, it is 
•easy to distinguish the two components in many lichens. 

LIVERWORTS 

The liverworts are peculiar, flat, green plants usually found grow- 
ing on wet cliffs and in other moist, shady places. They frequently 
occur in greenhouses where the soil is kept constantly wet. One of 
the commonest liverworts is Marchantia polymorpha, two plants of 
which are shown in Figs. 331, 332. The plant consists of a flat ribbon- 
like thallus which creeps along the soil, becoming repeatedly forked 
as it grows. The end of each branch is always conspicuously notched. 
There is a prominent midrib extending along the center of each 
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branch of the tboIluB. On the tinder Bida of the thallus, espeoUUj 
along the midrib, there are numerous rhizoids which serve the pur- 
pose of roots, absorbing nourishment from the earth and holding the 
plant in its place. The upper surface of the thallus is divided Into 
minute rhombic areas which can be seen with the naked eye. Sach 
of these areas is perforated by a small breathing pore orstomate which 
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leads into a eavity just beneath the epidermis. This space is sur- 
rounded by chlorophyll -bearing cells, eome of which stand in rows 
from. the bottom of the cavity (Fig. 333) . The delicate assimilating 
tissue is thua brought in closa communication with the outer air 
through the pore in the thick protecting epidermis. 

At various points on the midrib are little cups which contain 
small green bodies. These bodies are buds or gemmm which are 
outf^wtbs from the cells at the bottom of the cup. They become 
loosened and are then dispersed by the rain to other places where 
they take root and grow into new 
plants. 

The most striking organs on the 
thallus of marehantia are the peculiar 
stalked bodies shown in Figs. 331, 
332. These are termed arehegoniO' 
phores and anlheridiophores or recepla- . 
cles. Their structure and function are 
very interesting, hut their parts are so 

minute that they can be studied only 333. SmM™ o( thUlm of m 
with the aid of a mioroscope magnify- Stomaie st a. 

ing from 100 to 400 times. Enlarged drawings will guide the pupil. 

The antheridiophores are flesby lobed disks borne on short stalks 
(Fig. 331). The upper surface of the disk shows openings scarcely 
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Tidble to the naked eye. However, a aectton of tbe disk, auch as is 
drawn in Fig. 334, ahows that the pores lead into oblong cavities in 
the Teceptaola. Fiom the hase of each cavity thare arises a tliick 
club-Bhaped body, the anthoridium. Within the antheridium are 
formed many sperm -cells which are capable of swimming about in 



334. Section throngli anthorldiDphore of niBrchsntlft, BhowinK anthfiridili. 

One antheridlnm more macnlSed. 

water bj means of long lashea or cilia attached to them. When the 

antheridium Is mature, it bursts and allows the ciliated sperm-cells 

to escape. 

Tbe archegoniophores are also elevated on stalks (Fig. 332). In- 
stead of a simple disk, the receptacle consists of nine or more finger- 
lihe rays. Along the under side of the rays, between delicately fringed 
curtains, peculiar flask-like bodies, or archegonia, are situated. Tbe 
archegonia are not visible to the naked eye. They can be studied only 
with the microscope (X about 400). One of them much magnified is 
represented in Fig. 335. Its principal parts are the long neck, a, and 
the rounded venter, b, inclosing a large free cell — the egg-cell. 

We have seen that the antheridium at maturity discharges its 
sperm-cells. These swim about in tbe water provided by the dew and 
rain. Borne of them finally find their way to the arche- 
gonia and egg-cells, which are thus fertilized, as pollen 
fertilizes the ovules of higher plants. 

After fertilization the egg-cell develops Into the 
spore-capsule or sporogonium. The 
mature spore -capsules may be seen 
in Fig. 336. They consist of an 
oval spore-case on a short stalk, the i 
base of which is imbedded in the 
tissue of the receptacle from which 
it derives the necessary nourishment 
for the development of the sporo- 
335. Aroheacn. go„io„i, ^t maturity the sporo- 33*. Arolewniopho™ 
inm of mar- " j r „,[], gpomgonift oi 

chditl*. gomum is mptnred at tbe apex, muishuiiia. 



MOSSES 



189 




337. Spores and elaters of marchantia. 



setting free the spherical spores together with numerous filaments 
having spirally thickened walls (Fig. 337). These filaments are 
called elaters. When drying, they exhibit rapid movements by 
means of which the spores are scattered. The spores germinate 
and again produce the thallus of marchantia. 



MOSSES 

If we have followed carefully the development of marchantia, the 
study of one of the mosses will be comparatively easy. The mosses 
are more familiar plants than the liverworts. They grow on trees, 
stones, and on the soil both in wet and dry places. One of the com - 
mon larger mosses, known as Polytrichum commune, may serve as an 
example. This plant grows on rather dry knolls, mostly in the borders 
of open woods, where it forms large beds. In dry weather these beds 
have a reddish brown appearance, but when moist they form beautiful 
green cushions. This color is due, in the first instance, to the color 
of the old stems and leaves and, in the second instance, to the peculiar 
action of the green living leaves under the influence of changing mois- 




338. Section of leaf of Polytrichum commune. 

ture- conditions. The inner surface of the leaf is covered with thin, 
longitudinal ridges of delicate cells which contain chlorophyll. These 
are shown in cross -section in Fig. 338. All the other tissue of the 
leaf consists of thick-walled, corky cells which do not allow moisture 
to penetrate. When the air is moist the green leaves spread out, 
exposing the chlorophyll cells to the air, but in dry weather the mar- 
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gins of the leaves roll inward, and the leaves fold closely against 
the stem, thus protecting the delicate assimilating tissue. ^^ 

The antheridia and archegonia of polytrichum are borne in groups 
at the ends of the branches on different plants (many mosses bear 

both organs on the same branch ) . Thej 
are surrounded by involucres of charac- 
teristic leaves termed perichcetia or peri- 
chcetal leaves. Multicellular hairs known 
as paraphyses are scattered among the 

339. Section th^sb a receptacle of a^chegonia and antheridia. The invo- 
Polytrichnm commune, showing lucres with the Organs borne within 
paraphyses and antheridia. ^hem are called receptacles or, less ap- 

propriately, '^moss flowers." As in marchantia, the organs are very 

minute and must be highly magnified to be studied. 

The antheridia are borne in broad cup -like receptacles on the 

antheridial plants (Fig. 339). They are much like the antheridia of 

marchantia, but they stand free among the para- 
physes and are not sunk in cavities. At maturity 

they burst and allow the sperm-cells or spermat- 

ozoids to escape. In polytrichum when the re- 
ceptacles have fulfilled their 

function the stem continues 

to grow from the center of 

the cup (Fig. 340, m). The 

archegonia are borne in other 

receptacles on different plants. 

They are like the archegonia 

of marchantia except that they 

stand erect on the end of the 

branch. 

The sporogonium which 

develops from the fertilized 

egg is shown in Fig. 340, a, h. 

It consists of a long, brown 

stalk bearing the spore -case at 

its summit. The base of the 

stalk is embedded in the end 

of the moss stem by which 

it is nourished. The capsule 

is entirely inclosed by a hairy 

cap, the calyptrttf 6. The calyptra is really the remnant of the 

arohegonium, which, for a time, increases in size to accommodate 




340. Polytrichum commune; f, f. fertile plants, 
one on the left in fruit; m, antheridial plant. 
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and protect the young finrowing capsule. It is finally torn loose and 
carried up on the spore -case. The mouth of the capsule is closed by 
a circular lid, the operculum, having a conical projection at the center. 
The operculum soon drops, or it may be removed, displaying a fringe 
of sixty-four teeth guarding the mouth of the capsule. 

This ring of teeth is known as the peristome. In most mosses 
the teeth exhibit peculiar hygroscopic movements, i. e., when moist 
they bend outwards and upon drying curve in toward the mouth of 
the capsule. This motion, it will be seen, serves to disperse the 
spores gradually over a long period of time. 

Not the entire capsule is filled with spores. There are no elaters, 
but the center of the capsule is occupied by a columnar strand of tis- 
sue, the columella, which expands at the mouth into a thin, mem- 
branous disk, closing the entire mouth of the capsule except the 
narrow annular chink guarded by the teeth. In this 
moss the points of the teeth are attached to the margin 
of the membrane, allowing the spores to sift out through 
the spaces between them. 

When the spores germinate they form a green, 
branched thread, the protonema. This gives rise directly 
to moss plants, which appear as little buds on the thread* 
When the moss plants have sent their little rhizoids into 
the earth, the protonema dies, for it is no longer neces- 
sary for the support of the little plants. 

PERNS 

The adder's tongue fern, Ophioglossum vulgatnm, 
shown in Fig. 341, is one of a peculiar type of ferns be- 
longing to the family OphioglossacesB. This plant has a 
short, subterranean stem from which a single frond un- 
folds each year. The roots arise near the bases of the 
leaves. The leaves are curiously divided into a sterile 
and a fertile part, the latter being a sporophyll. The 
sterile part has a tongue -shaped blade which is narrowed 
to a petiole. The young leaves are inclosed by the OphioVlossum 
sheathing base of the petiole. The growth is very vulgatum. 
slow, so that it takes several years for each leaf to develop before it 
is ready to unfold. During its development each leaf is sheathed by 
the one preceding it. 

The sporophyll is elevated on a stalk arising near the base of the 
sterile part of the frond. The upper part consists of a spike bearing 



341. 
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two rows of large spore -oases or sporangia sunk in the tissue. At 
maturity the sporangia open by transverse slits and discharge the 
inclosed spores. 

When the spores germinate they produce subterranean tuberous 
prothallia which, however, are rarely found, and of whose history 
little is known. They develop archegonia and antherldia beneath the 
surface of the ground, and the fertilized egg produces the young fern 
plant. 

The generations of the true ferns are explained in Chapter XXIV. 



EQUISETUMS, OR HORSETAILS 

There are about twenty-five species of equisetum, constituting 
the only genus of the unique family EquisetacesB. Among these E. 
arvense is common on clayey and sandy soils. 

In this species the work of nutrition and that of spore -production 
are performed by separate shoots from an underground rhizome* The 
fertile branches appear early in spring. The stem, which is 3 to 6 
inches high, consists of a number of cylindrical, furrowed internodes 
each sheathed at the base by a circle of scale-leaves. The shoots are 
of a pale yellow color. They contain no chlorophyll, and are nour- 
ished by the food stored in the rhizome (Fig. 342). 

The spores are formed on specially developed fertile . leaves or 
sporophylls which are collected into a spike or cone at the end of the 
stalk (Fig. 342, a), A single sporophyll is shown at &. It consists 
of a short stalk expanded into a broad, mushroom-like head. Several 
large sporangia are borne on its under side. 

The spores formed in the sporangia are very interesting and beau- 
tiful objects when examined under the microscope (X about 200). 
They are spherical, green bodies each surrounded by two spiral bands , 
attached to the spore at their intersection, s. These bands exhibit 
hygroscopic movements by means of which the spores become entan- 
gled, and are held together. This is of advantage to the plant, as we 
shall see. 

All the spores are alike, but some of the prothallia are better 
nourished and grow to a greater size than the others. The large pro- 
thallia produce only archegonia while the smaller ones produce 
antheridia. Both of these organs are much like those of the ferns, 
and fertilization is accomplished in the same way. Since the pro- 
thallia are usually dioecious the special advantage of the spiral bands 
holding the spores together so that both kinds of prothallia may be in 
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close pTozimity, will be easily understood. As in the fern, the fertil- 
' ized egg-eell develops into an equisetum plant. 

The sterile shoots, Fig. 342, st, appear mueh later in the season. 
They give rise to repeated whorls of angalar or farrowed braDches. 
The leaves are very much reduced scales, situated at the intemodes. 
The stems are provided with chlorophyll and a«t as assimilating 
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tissue, nourishing the rhizome and the fertile shoots. Nutriment 
is also stored in. special tubers developed on the rhizome. 

Other species of equisetum have only one Itind of shoot — a tall, 
hard, leafless, green shoot with the spike at its summit. Equisetum 
stems are full of si lex and they are sometimes used (or scouring floors 
and utensils: hence the common name " scouring rush." 



Isoetes or quitlworts are usually found in water or damp soil on 
the edges of ponds and lakes. The general habit of a plant is seen 
in Fig, 343, a. It consists of a short, perennial stem bearing numer- 
ous erect, quiO-like leaves with broad sheathing bases. The plants 
are commonly mistaken for young grasses. 
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Iso6teB bears two kiudB of spores, large roughened ones, tlia 
macToaporea, and small ones of microspores. Both kinds are formed 
in Bporangia borne in an excavation in the expanded base of the leal. 
The tuacrOBpores are formed on the outer, and the 
microspores on the inner leaves. A sporangium in 
the base of a leaf is ebown at b. It Ja partially 
covered by a thin membrane, the velum. The mi- 
nnte triangular appendage at the upper end of (he 
sporangium is called the ligale. 

The spores are liberated by the deoaj of the 
. sporangia. They form rudimentary prothaltia of 
two kinds. The microsporea produce prothallia 
with antberidia, while the macrosporea produce 
prothallia with archegonia. Fertitizatioa takes 
place as in the mosses or liverworts, and the fer- 
tilized egg-cell, by continued growth, gives rise 
again to the isoetes plant. 



ALTERNATION OF GENERATIONS 

In Chapter XXIV the alternation of 
generations and the terms gametophyte and 
sporophyte were explained. In many of 
the plants just studied, this alternation 
is more clearly and heautifully marked 
. than in any other groups of plants. In 
ahowinB hsblt ot ^"^^ generation, the reprodnetive body 
ato; (i, baseof lesf (egg Or spore) gives rise to a new plant - 
- form or generation different from the 
parent generation. In the liverworts the 
thallus produces the egg. The fertiliied egg-cell is the beginning of 
a new plant, but this new plant is not like the thallus which produced 
the egg, nor does it lead an independent existence. It is the sporo- 
goninm, which, although it is attached to the thallus, is not a mor- 
phological part thereof. The sporogonium produces spores. It is the 
sporophyte generation of the plant, and not until the spores germinate 
is the thalluB again produced. The same is true in the mosses. The 
"mosa plant" produces the egg-cells. It is the gametophyte. The 
fertilized egg-cell develops into the sporophyte — the spore-case and 
its stem. We can pull the stem of the capsule out of the moss plant 
and thus separate the sporophyte from the gametophyte. 
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The tungi and algfe are omitted from these remarks. In the 
former there is nothing analogous to tho Bporopbjte and the gameto- 
phyte. In algte like Bpirogyra, evidently the whole plant is a ga- 
metophyte and, since the zygospore germinates directly into a new 
gametophyte, there is probably no aporophjte. In aome other algie 
traces ot a sporophyte huve been found, but the disoussion of these 
would lead too far for the present purpose. 

In the ferns the egg-cells are developed on the prothallus. 
This then is the gametophyte. It eorresponda to the thallua of mar- 
chantia and to the " moss plant," hut it haa hecome much reduced. 
The plant developing from the fertilized egg-oell is the targe and 
beautiful "fern plant" differentiated into stems and leaves. Since the 
ttm plant prodnoes the spores directly, it is the aporophyte and 
corresponds to the shaft and capsule of the mosses. Both sporophyte 
and gametophyte lead an independent eiiatence. 

As we pass on to equisetum and isoetes, the sporophyte is still 
more conspieuous in comparison with the gametophyte. In isofites the 
prothallus (gametophyte) is very rudimentary, consisting only ot a 
few cells remaining within the spore, which merely bursts to eipose 
the archegonia or to allow the sperm-cells to escape. Moreover, the 
spores have become differentiated into micro- and macrospores corre- 
sponding to the pollen and embryo-sao of higher plants. 

This gradual increase of the sporophyte and reduction of the 
gametophyte can be traced on through the flowering plants in which 
"the plant" is the sporophyte, and the gametophyte is represented 
simply by a few cells in the germinating pollen grain, and in the 
embryo-sac. 
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CHAPTER XXVI 

WHERE PLANTS GROW 

326. ENVIRONMENT. — The circumstances and surround- 
ings in which an organism lives constitute its environ- 
ment. The environment comprises effects of soil, mois- 
ture, temperature, altitude, sunlight, competition with 
animals and other plants, and the like. An organism is 
greatly influenced by the environment or conditions in 
which it lives. Not only must a plant live and grow and 
multiply its kind, but it must adapt itself to its environ- 
ment. 

327. The particular place in which a plant grows is 
known as its habitat (i. e., its "habitation"). The habi- 
tat of a given plant may be a swamp, hill, rock, sand 
plain, forest, shore. The plant inhabitants of any region 
are known collectively as its flora. Thus we speak of the 
flora of a meadow or a hill or a swamp, or of a country. 
The word is also used for a book describing the plants of 
a region (as in Part IV). 

328. PLANTS GROW WHERE THEY MUST.— The plant is 
not able to choose its environment. It has no volition. 
Its seeds are scattered : only a few of them fall in pleas- 
ant places. The seeds make an effort to grow even 
though the places are not favorable ; and so it happens 

(197) 
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that plants arf often found in places which are little adapted 
to them. See the fern growing on a brick in Fig. 69. 
Plants must grow in unoccupied places. 

329. Not only do the seeds fall in unfavorable places, 
but most places are already occupied. So it comes that 
plants g^o^v where they must, not ivhere they will. 
There are, of course, certain limits beyond which plants 
cannot grow. Water lilies can thrive only in water, 
and white oaks only on dry land, but it is seldom that 
either the water lily or the oak finds the most congenial 
place in which to grow. Fine large plants of the lily 
and strong giant trees of the oak are so infrequent, as 
compared with the whole number, that we stop to 
admire them. 

330. Originally, plants were aquatic, as animals were. 
Much of the earth was sea. Many plants are now aquatie, 
and the larger number of these— as alg*e and their kin — 
belong to the lower or older forms of plant life. Many 
plants of higher organization, however, as the water lilies, 
have taken to aquatio life. True aquatic plants are those 

which always live in 
water, and which die 
when the water dries 
up. They are to be 
distingnished from 
those which live on 
shores or in swamps. 
Aquatic plants may 
be wholly immersed 
or under water, or 

310. The liclien grows on the hard rock, ., , 

partly enter sed or 
standing above the water. Most flowering aquatic plants 
come to the surface to expand their flowers or to ripen 
their fruits. Some aquatic plants are free-smmming, or 
not attached to the bottom. Of this kind are some utrie- 
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ularias, or bladder- worts. la some waters, partienlarly 
in the ocean, there are enormous quantities of free-swim- 
ming microscopic life, both animal and vegetable, which 
is carried about by currents : this is known under the 
general name of plankton (Greek for "wandering" or 
" roaming " ) . 

331. The general tendency has been for plants to 
become terrestrial, or land -inhabiting. Terrestrial plants 



often grow in wet places, but never in water throughout 
their entire life ; of such are swamp, bog, and marsh 
plants. Some plants have the ability to grow in standing 
water when young and to become terrestrial as the water 
dries np. Such are amphibious. Some buttercups are 
examples. 

332. Some plants grow in very special soils or special 
localities, and consequently are infrequent or are confined 
to certain Well-marked geographical regions. Fig. 344. 
Common plants are those which are able to accommodate 
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themselves to widely different environments. Weeds are ex- 
amples. Many plants have become so specialized in habitat 
as to be parasitic, saprophytic, or epiphytic. Chap. XIII. 

333. Common plants often grow in most unusual 
and difficult places. Note that some weeds grow not only 
in fields, but often gain a foothold in chinks in logs, on 
rotting posts, in crotches of trees, on old straw stacks, in 
clefts and crannies of rocks. In moist climates, as Eng- 
land, plants often grow on thatched roofs. 

334. Plants may be said to be seeking new places in 
^vhich to gro^v. Whenever ground is cleared of vegeta- 
tion, plants again spring up. The farmer plows the 
meadow or pasture, and immediately a horde of weeds 
appears. Any breach or break in the earth's surface 
makes room for a new group of plants. Note how the 
railway embankments and the newly graded roadsides take 
on a covering of vegetation. Observe the ragweed. When- 
ever soil. is formed at the base of a cliff, plants at once 
secure a foothold. Pig> 345. 

335. PLANTS AH) IN THE FORMATION OF SOIL. — This 
they do in two ways: by breaking down the rock; by 
passing into earth when tliey decay. Even on the 
hardest rocks, lichens and mosses will grow. Fig. 346. 
The rhizoids eat away the rock. A little soil is formed. 
Ferns and other plants gain a foothold. The crevices are 
entered and widened. Slowly the root acids corrode the 
stone. Leaves and stems collect on the rock and decay. 
Water and frost lend their aid. As the centuries pass, the 
rock is eaten away and pulverized. Note the soil which 
collects on level rocks in woods where wind and rain do 
not remove the accumulations. 

336. In bogs and marshes and on prairies the remains 
of plants form a deep black soil. In bogs the vegetable 
matter is partially preserved by the water, and it slowly 
becomes solidified into a partially decayed mass known as 



348. A Undicape devoid at vcBietation, Weatern United S 
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. peat. When dug oat and dried, peat may be osed as fuel. 
Finally it may decay and make a vegetable soil known as 
muck. When thoroughly decayed, plants become vege- 
table mold or humus. New plants grow on peat or 
muek, and the accumulations year by year tend to raise the 
level of the bog, and the surface may finally become so 
high as to support plants of the high lands. The chief 
agent in the formation of peat bogs is sphagnum moss.' 
New moss grows on the old, and the bog becomes higher 
as time goes on. Fig. 347. 

337. PLANTS CONTRIBUTE TO SCENERY. — Aside from 
sky and air, natural scenery depends chiefly on two things: 
the physical contour of the earth ; ■ the chai-acter of the 
vegetation. Attractive landscapes have a varied vegeta- 
tion. Imagine any landscape with which you are familiar 
to be devoid of plants. Compare Figs. 348 and 349. 

Review. — What is meant by environment? By habitatt Flora? 
What detflrmines where plants shall growT What is an a^uatio plantf 
Esplain immersed, emersed, free- swimming. What is plauktonf Ex- 
plain terrestrial. Amphibious. Why are some plants rare or local t 
Why are some plants eommont Name some unusual places in which 
you have seen plants growing. Give examples o£ how plants occupy 
the new places. How do plants aid in the formation of soil T Explain 
what is meant by peat, muek, humas. How are peat bogs formed t 
What relation have plants to scenery f 



CHAPTER XXVII 
CONTENTION WITH PHYSICAL ENTIRONHENT 

338. THE PHYSICAl EKVIHONMKMT. — We have seen 
(326) that the eDviroament ia which a plant grows is 
made up of two sets of factors — the physical environ- 
ment of climate and soil, and the organic environment 
of competing auimals and plants. 

339. ADAPTATION TO CLIMATE IB GENERAL. — Eveiy 
particular climate causes particular modifications in its 
plants. There are two general ways, however, in which 
plants are modified or adapted to climate: modification 
in the length of the period of growth; modification in 
stature. Any modification of the plant, visible or invis- 
ible, which adapts it to grow in a climate at first inju- 
rious to it, is acclimatization. 

340. In short-season climates, plants hasten their 
growth. They mature quickly. Indian coru may re- 
quire five or six months in which to mature in warm, 
countries, but only three months in vety eold countries. 
Nearly all garden vegeta- 
bles mature quicker from 

the time of planting in the 
North than in the South 
wheu they are raised from 

seeds grown in their respee- 3M- Germination or com Btown Iq 

tive localities. Seedsmen are "*" *""'' '"" "** '*"' *^ '" '*'*''*°"- 
aware of this and they like to raise seeds of early varieties 
in the North, for such seeds usually give "early" plants. 
Many plants which are perennials in warm countries be- 
come annuals or plur-annuals in cold countries (14). 
(203) 
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341. Even germination is usually more rapid from 
northern-grown seeds than from southern-grown seeds 
of the same kind. The plants "come up" quicker. Se- 
cure seeds of the same variety of corn or bean grown 
in the Gulf states and in the northern st-at-es or Canada 
and make the experiment {Fig. 350). The same results 
often show in 
the vegetation 
of cuttings of 
trees and grape 
vines from the 
South and 
North. Vege- 
tation is quick 
in the North : 
the "burst of 
spring" is usu- 
ally more rapid. 
342. Plants 
are usually 
dwarf or' smal- 
ler in stature in 
short -season eli- 

351, Evergreen trees on wind-swspt hetahts of the mates. Indian 

Rocky MounUiDB, 

com IS a con- 
spicuous example. As one ascends high mountains or 
travels in high latitudes, he finds the trees becoming smal- 
ler and smaller, until finally he passes beyond the regions 
in which the trees can grow. Many of the Esquimaux 
doubt the statements of travelers that there are plants as 
high as a man. In these high altitudes and high latitudes, 
plants tend also to become prostrate. 

343. PLAMTS ARE IHFLUEHCED BY WIND. — In regions of 
strong prevailing winds, as on lake and sea shores and on 
hills and mountains, tree-tops develop unsymmetrically 
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and are heaviest on the leeward side. Figs. 351, 352. Ob- 
serve this fact in orchards in windy regions, and note that 
the most unsymmetrieal trees are those on the exposed side 
of the plantation. 
344. Trees often 
lean away from 
the prevailing 
winds. Fig. 353. 
The tips of the 
branches of ex- 
posed trees usually 
indicate whether 
there are strong 
prevailing winds. 
Fig. 354. Observe 
trees in pastures 
and along road- 
sides, particularly 
in high places and 
within a few miles 
of exposed shores. 
Note the tip-top 

A tree 1 HI s loYjB^wli^h wKj Ihs wind bloWH. gp^^y Qf hemlock 

trees. 

345. PLAMTS ARE PROFODHDLY IHFLUEHCED BY SOIL.— 
The food supply varies with the kind of soil; and the 
food supply determines to a large extent the character 
of the individual plant. Ou poor soils plants are small; 
on rich soils they are large. The difiEerence between poor 
and good yields of wheat, or any other crop, is largely a 
question of soil. The farmer reinforces his poor soils by 
the addition of fertilizers, in order to make his plants vary 
into larger or more productive individuals. 

346. The moisture-content of the soil exerts a marked 
influence on plants. We have found (154) that a large 
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part of the plaut- substance is water. The water is not 
only itself plant-food, but it carries other foods into the 
plant and transports them from tissue to tissue. However 
rifih a soil may be in mineral plant-foods, it is inert if it 
contains uo moisture, 2'he character of the plant is often 
determined more by the moisture in the soil than bi/ all the 
other food materinla. Note how rank the plants are in low 
places. Observe how the weeds grow about the barn where 



li ofWn broken by wind and rain, 

the soil is not only rich but where moisture is distributed 
from the eaves. Contrast with these instances the puny 
plants which grow in dry places. In dry countries irriga- 
tion is employed to make plants grow vigorously. In 
moist and rich soil plants may grow so fast and so tall 
as not to be able to withstand the wind, as in Fig. 355. 

347. PLANTS ARE mFLUENCED BY THE BXPOSUKE OF THK 
PLACE IN WHICH THEY GROW.— The particular site or out- 
look is known as the exponwre or aspect. The exposure, 
for instance, may be southward, eastward, bleak, warm, 
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cold. A favorable exposure for any plant is one which 
supplies the requisite amount of warmth, room, sunlight, 
moisture, and plant-food, and immunity from severe winds 
and other destructive agencies. Against the edge of a 
forest (Pig. 356) or at the base of a cliff, certain plants 
thrive unusually well. Note the plants of any kind grow- 



ing in different exposures: observe that they vary in 
stature, time of maturity, color of foliage and flowers, 

productiveness, size of leaves and flowers, longevity. 

Review. — Contraat phyaicnl and organic environmentB. How are 
p'trntsmodificd bycUmute} Define DcclimatizBtion. B'tptain liow time 
of maturit; lb iDfluenced by climate. How is germination inBuenoed f 
Explain how climate influences stature. How do winds afFect plants f 
How are plnlits influenced hj soil T By soil moisture ? Exposure t 



CHAPTER XXVIII 

COMPETITION WITH FELLOWS 

348. THE FACT OF STRUGGLE FOR EXISTENCE.— We 

have seen (Chapter IX) that branches contend amongst 
themselves for opportunity to live and grow. Similarly, 
separate plants contend with each other. We shall ob- 
serve that this is true; but we are compelled to believe it 
by considering the efforts which all plants make to propa- 
gate themselves. The earth is filled with plants. It is 
chiefly when plants die or are killed that places are made 
for others. Every one of these plants puts forth its 
utmost effort to perpetuate its kind. It produces seeds 
by the score or even by the thousand. In some instances 
it propagates also by means of vegetative parts. If the 
earth is full and if every plant endeavors to multiply its 
kind, there must be struggle for existence. 

349. The effects of struggle for existence are of three 
general categories: (1) the seed or spore may find no 
opportunity to grow; (2) sooner or later the plant may 
be killed; (3) the plant may vary, or take on new char- 
acters, to adapt itself to the conditions in which it grows. 
Consider the crop of seeds which any plant produces : how 
many germinate ? how many of the young plants reach 
maturity ? Note the profusion of seedlings under the 
maples and elms, and then consider how few maple and 
elm trees there are. Count the seeds on any plant and 
imagine that each one makes a plant: where will all 
these new plants find a place in which to grow ? 

350. WHAT STRUGGLE FOR EXISTENCE IS.— Struggle 
for existence with fellows is competition for room or 

N (-OS) 
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space, for food 
and mcristure in 

the soil, for 
light. W& may 
consider .'Exam- 
ples in each of 
these three cate- 
gories. 

351. If the 
earth is filled 
with plants, 

a». The tree his spproprlsted the food Hnd moiBtnre, so there mUSt be 
that a luvfl nren remains hare of TegetatioiL , 

sharp competi- 
tion for every inch of its surface. If any good soil is 
not populated with plants it is usually because it has re- 
cently been moved. If the farmer does not move or till 
his soil frequently, various 
plants get a foothold, and 
these plants he calls weeds. 
Determine how much room 
an apple tree, orother plant, 
occupies : then calenliite 
how mneh space would be 
required for all the seed- 
lings of that tree or plant. 
The greater the population 
of any area, the less chance 
have other plants to gain a 
foothold. When the wheat 
completely covers the 
ground, as in Fig. 357. 
there are no weeds to be 
seen. 

352. Plants of different 

■> ■" «„ ■^--'"IsHi climbing Into the BunHehti 

Compare Pig. 73. 



361. Low s1iatl«-l 
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together, and thereby the area may support more plants than 
would be possible if only one kind were growing on it. This 
principle has been called by Darwin the divergence of 
character. When an area is occupied by one kind of 



plant, another' kind may grow between or beneath. Only 
rarely do plants of close botanical relationship grow to- 
gether in compact communities. A field which is full of 
corn may grow pnmpkins between. Fig. 358. A full 
meadow may grow white clover in the bottom. In a dense 
wood herbs may grow on the forest floor. When an. 
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orchard can support no 
more trees, weeds may grow 
beneath. 

353. We have learned 
(25, 26) that roots go far and 
wide for food and moisture. 
The plant that is first es- 
tablished appropriates the 
food to itself and new- 
comers find difficulty in 
gaining a foothold. Note 
the bare area near the elm 
tree in Pig. 359. Recall 
how difficalt it is to make 

3M, The teU-iile pine, , , , i . ji 

plants grow when planted 
tinder trees. This is partly due to the intercepting of 
the rain by the tree-top, partly to shade, and partly to 
lack of available food and moistnre in the soil. The 
farmer knows that he can- 
not hope to secure good 
crops near large trees, even 
beyond the point at which 
the trees intercept the rain 
and light. It is difficult to 
establish new trees in the 
vacancies in an old orchard. 
354. In Chapter VIII 
we studied the relation of 
the plant and its parts to 
sunlight. Plants also com- 
pete with each other for 
light. Plants climb to get 
to thelieht(ChapterXVI). 
Fig. 360. Some plants 
have become adapted to 
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subdned ortransmitted light, but no green plants can grow 
in darkness. The low plants in forests are shade-lovers. 
Pig. 361. Note the plants which seem to be shade-lovers 
and tliose which prefer full sunlight. Some plants adapt 
themselves to both sun and shade. Most ferns are shade- 
lovers. 

355. In the midst of dense plant populations, each 
individual grows upwards for sunlight. Thus are for- 



ests made : the competing trees become long slender boles 
with a mantle of foliage at the top. The side branches die 
for lack of light and food, and they fall from decay or are 
broken by storm ; the wounds are healed, and the bole 
becomes symmetrical and trim. Fig, 362 shows the inte- 
rior of a primeval pine forest. Note the bare trunks and 
the sparse vegetation , on the dim forest floor. Fig. 3C3 is 
the top of a great forest. With these pictures compare 
Figs, 75 and 76, Fig. 357 shows a deep wheat forest. 
A loue survivor of a primeval forest is shown in Fig. 36^. 



367. Ths follaga bank of a Unsls. 
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In dense plantations, plants tend to grow to a single stem. 
When these same plants are grown in open or cultivated 
grounds, they often become husky or develt^ more than 
one trunk. In what places have you seen trees with 
more than one trunk T 

356. On the margins of dense populations, each indi- 
vidual grows outwards for sunlight. Note the dense 
forest rim : then plunge through it, and stand by the 
tall bare trunks. Figs. 365 and 366 show these two 
views of the same forest. Note the kinds of trees and 
other plants that grow in areas similar to those depicted 
in these illustrations. Note the dense wall of foliage in 
Fig. 367, and the thin brushy area just behind it in Fig, 
368, Observe the denser and greener foliage on the out- 
side rows in thick orchards. Consider how the plants 
extend over the borders in dense flower-beds. Note 
where the best foliaged plants are in the greenhouse. 
Notice the foliage on the outer rows in a very thick 
cornfield. 

Review .^Why js there straggle for existenee t How does it 
affect piautst Tell what it is. How do plnuts compete for epaoef 
What ia meant by the phrase "divergence of charai!ter"T Give ex- 
amples. Bow do plants compete for food from the soil t In what 
respects have plants become adapted to the light relatlonT How do 
plants ^row in dense plantationsT On the margins of these planta- 
tions! You know some tree or other plant: describe how it has 
adapted itself to competition with its fellows. 
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CHAPTER XXIX 
PLAN! SOCIETIBS 

357. WHAT PLANT SOCIETIES ARE.— In the long course 
of evolution, in which plants have been accommodating 
themselves to the varying conditions in which they are 
obliged to grow, plants have become adapted to every 
different environment. Certain plants, therefore, may live 
together or near each other, all enjoying the same con- 
ditions and surroundings. These aggregations of plants 
which are adapted to similar conditions are known as 
plant societies. 

358. Moisture and temperature are the leading factors 
in determining plant societies. The great geographical 
societies or aggregations of the plant world are for con- 
venience associated chiefly with the moisture supply. 
These are: (1) hydrophytic or wet-region societies, 
comprising aquatic and bog vegetation (Fig. 369); (2) 
xerophytic or arid-region societies, comprising desert and 
most sand-region vegetation (Fig. 344); (3) mesophytic 
or mid-region societies, comprising the vegetation in 
intermediate regions (Fig. 370). Mesophytic vegetation 
is characteristic of most regions which are fitted for 
agi'iculture. The halophytic or salt-loving societies are 
also distinguished, comprising the seashore and salt -area 
vegetation (Fig. 371). Much of the characteristic 
scenery of any place is due to its plant societies (337). 
Xerophytic plants usually have small and hard leaves, 
apparently to prevent too rapid transpiration. Usually, 
also, they are characterized by stiff growth, hairy cover- 
ing, spines, or a much -contracted plant-body, and often 

(219) 
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by large uodergroiiad parts for tlie storage o( water. 
Halophytic plants are often fleshy. 

359. Plant societies may also be distinguished with 
reference to latitude and temperature. There are tropi- 



cal societies, tcmpcratc-rcgion societies, boreal or cold- 
region societies. With reference to altitude, societies 
might be classified as lowland (which are chiefly hydro- 
phytic), intermediate (chiefly mesophytic), subalpine or 
mid-mountain (which are chiefly boreal), alpine or high- 
mountain. 

360. The above classifications have reference chiefly to 
great geographical floras or societies. But there are socie- 
ties within societies. There are smalt societies coming 
within the experience, of every person who has ever seen 
plants growing in natural conditions. There are roadside, 
fence-row, lawn, thicket, pasture, dune, woods, eliff, barn- 
yard societies. Every different place has its character- 
istic vegetation. Note the smaller societies in Figs. 369 
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and 370, In the former is a water-lily society and a cat- 
tail society. In the latter there are gi'sss and bush and 
woods societies. 

361. SOME DETAILS OF 
PLAMT SOCIETIES.— Socie- 
ties may be composed of 
scattered and intermin- 
gled plants, or of dense 
clumps or groups of 
plants. Dense clumps 
or groups are usually 

made up of one kind of ""' A^oWot^d, i,. <. w.^. 
plant, and they are then called colonies. Fig. 372. Colo- 
nies of most plants are transient: after a short time other 
plants gain a foothold amongst them, and an intermingled 
society is the outcome. Marked exceptions to this are 
grass colonies and forest colonies, in which one kind of 
plant may hold its own for years and centuries. 
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374, The retnin to tonst. BiuheB and tre« ooir becln to crowd. 

362. In a large newly cleared area plants usually first 
establish themselves in dense colonies. Note the 
great patches of nettles, jewel-weeds, smart -weeds, clot- 
burs, fire-weeds in recently cleared bnt neglected swales, 
also the fire-weeds in recently burned areas, the rank 
weeds in the neglected garden, and the ragweeds and 
May-weeds along the recently worked highway. The eoni- 
pefcitiou amongst themselves and with their neighbors 
finally breaks up the colonies, and a mixed and intermin- 
gled flora is gener- 
ally the result. 

363. Inmost parts 
of the world the 
general tendency of 
. neglected areas is 
to run into forest. 
All plants rush for 
the cleared area. 
Here and there 
bushes gain a foot- 
hold. Young trees 
come np ; in time 
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bushes and gain the mastery. Sometimes the area grows 
to poplars or birches, and people wonder why the origi- 
nal forest trees do not return; but these forest trees may 
be growing unobserved here and there in the tangle, and in 
the slow processes 
of time the poplars 
perish — forthey are 
short ■ lived — and 
the original forest 
may be replaced. 
Whether one kind 
of forest or another 
returns will depend 
largely on the kinds 
which are most 
seedful in that 
vicinity and which, 
therefore, have 
sown themselves 
most profusely. 
Much depends, 
also, on the kind 
of undergrowth 
which first springs 
up, for some young 

trees can endure "*■ """» ft™™ mom i*rt' of hta ™d.ide. 

more or less shade than others. Pigs. 373 and 374 show 
two stages in the return to forest. 

364. Pasturing and mowing tend to keep an area in 
grass. This is because the grass will thrive when the tops 
are repeatedly taken off, whereas trees will not. Note 
that the wild herbs and bushes and trees persist along the 
fences and about old buildings, where animals and mowing 
machines do not take them off. A sod society means graz- 
ing or mowing. Consider Figs. 96, 375, 376. The farmer 
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keeps his wild pastures 
"clean" by torning in 
sheep : the sheep are fond 
of browsing. 

365. Some plants as- 
sociate. They grow to- 
gether. This is possible 
largely because they di- 
verge or differ in character 
(352). Plants associate in 

two ways; iy groiving side ^n. An wnalio society iu whith aeverat 

by side; iy growing above n b o p ants grow s e y b «, 

or beneath. In sparsely populated societies (as in Fig. 
377) plants may grow along-side each other. In most 
cases, however, there is overgrowth and undergrowth : 
one kind grows beneath another. Plants which have 
become adapted to shade 
(354) are usually under- 
growths. In a cat ■ tail 
swamp (Fig. 378), grasses 
and other narrow - leaved 
plants grow in the bottom, 
but they are usually unseen 
by the casual observer. 
Search the surface of the 
ground in any swale or in a 
meadow. Note the under- 
growth iu woods or under 
trees (Fig. 379). Observe 
that in pine and spruce 
forests there is almost no 
undergrowth, because there 
is very little light. Fig. 362. 
16. On the same area 
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different times of the year. There are Bpring, summer, and 
fall societies. The knoll which is cool with grass and 
strawberries in June may be aglow with goldenrod in 
September, If the bank is examined in May, look for the 
young plants which are to cover it in July and October; if 
iu September, find the dead stalks of the flora of May. 
What succeeds the skunk cabbage, bepaticas, trilliums, 
phlox, violets, buttercups of spring! What precedes the 
wild sunflowers, ragweed, asters, and goldenrod of fallt 

. 367, In lands which gradually rise from wet to dry, 
the societies may take the form of belts or zones. Start- 
ing at a shore, walk back into the high land ; note the 
changes in the flora. Three zones are shown in Fig. 380, 
368. To a large extent the color of the landscape is 
determined by the character of the plant societies. Ever- 
green societies remain green, but the shade of green varies 
from season to sea- 
son ; it is bright 
and soft in spring, 
becomes dull in 
midsummer and 
fall, and nsually 
assumes a dull yel- 
low-green in win- 
ter. Deciduous 
societies vary re- 
markably in color 
— from the dull 
browns and grays 
of winter to the 
brown-greens and olive - greens of spring, the staid- 
greens of summer, and the brilliant colors of autumn. 
The autumn colors are due to intermingled shades 
of green, yellow and red. The coloration varies with 
the kind of plant, the special location, and the season. 
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Even in the same species or kind, individual plants diflFer 
in color; and this individuality usually distinguishes the 
plant year by year. That is, an oak which is maroon- 
red this autumn is likely 
to exhibit that color every 
year. The autumn color 
is associated with the 
natural maturity aud 
death of the leaf, bnt it is 
most brilliant in long and 
open falls — largely be- 
cause the foliage ripens 
more gradually and per- 
sists longer in such sea- 
sons. It is probable that 
the autumn tints are of 
no utility to the plant. 
The yellows seem to be 
due to the breaking down 
and disorganization of the 
chlorophyll. Some of the 
intermediate shades are 
probably due to the un- 
masking or liberating of 
normal cell color-bodies 
m Three ™i«ty.<.n.,-boE,(or.«tri^,f„™.t. ^^.^j^ ^^^ eovered with or 

obscured by chlorophyll in the growing season. The reds 
are dne to changes in the color of the cell sap. Autumn 
colors are not caused by frost. Because of the long, dry 
falls and the great variety of plants, the autumnal color of 
the American landscape is phenomenal. 

369. ECOLOGY.— The study of the relationships of 
plants and animals to each other and to seasons and envi- 
ronments is known as ecology (still written cecology in 
the dictionaries) . All the discussions in Part II of this 
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book are really dififerent phases of this subject. It con- 
siders the habits, habitats, and modes of life of living 
things — the places in which they grow, how they migrate 
or are disseminated, means of collecting food, their times 
and seasons of flowering, producing young, and the like. 

BE7IEW. — What ia a plant aooietyt Why do plants grow in so- 
cieties T Name souietios tbat are determined cliiefly by moisture. 
What societies are most abundant where you liveT Name those de- 
termined by latitude and altitude. Name some small or local socie- 
ties. What are colonies f Where are they most marked f Why do 
they tend finally to break npT How are societies made up when colo- 
nies are not present! How do forests arise on cleared areast What 
effect have pasturing and mowingf How do plants assoeiatet What 
is nndergrowth and ovei-growtht Explain how societies may differ at 
different times of the year. What are zonal or belt societies f Discuss 
autumn colors. What is ecologyt 

Note. — One o( the best of all subjects for school instraction in 
botany is the stud; of plant societies. It adds definiteness and zest 
to exearsions. Let one enoursion be confined to one or two societies. 
Visit one day a swamp, another day a forest, another a pasture or 
meadow, another a roadside, another a weedy £eld, another a cliff or 
ravine, etc. Visit shores whenever possible. Each pupil should be 
assigned a, bit of ground — say .10 or SO ft. sqnare — for special study. 
He should make a, list showing (1) hon many kinds of plants it con- 
tains, (2) the relativeabundanceof each. The lists secured in differ- 
ent regions should be compared. It does not matter if the pupil does 
not know all the plants. Be may count the kinds without knowing the 
names. It is a good plan (or the pupil to make a dried specimen of 
each kind for reference. The pupil should endeavor to discover why 
the plants grow as they do. Challenge every plant society. 



CHAPTER XXX 
VARIATION AND ITS RESULTS 

370. THE FACT OF VARIATION.— No two plants are 
alike (16). In size, form, color, weight, vigor, produc- 
tiveness, season, or other characters, they differ. The 
most usual form of any plant is considered to be its 
type, that is, its representative form. Any marked de- 
parture from this type is a variation, that is, a difference. 

371. THE KINDS OF VARIATIONS.— Variations are of 
many degrees. The differences, in any case, may be so 
slight as to pass unnoticed, or they may be so marked as 
to challenge even the casual observer. If a red-flowered 
plant were to produce flowers in different shades of red, 
the variation might not attract attention ; but if it were 
to produce white flowers, the variation would be marked. 
Whenever the variation is so marked and so constant as 
to be worth naming and describing, it is called a variety 
in descriptive botany. If the variation is of such charac- 
ter as to have value for cultivation, it is called an agri- 
cultural or horticultural variety. There is no natural 
line of demarcation between those variations which chance 
to be named and described as varieties and those which do 
not. Varieties are only named variations. 

372. Variations may arise in three ways: (1) directly 
from seeds; (2) directly from buds; (3) by a slow 
change of the entire plant after it has begun to grow. 

373. Variations arising from seeds are seed- variations ; 
those which chance to be named and described are seed- 
varieties. Never does a sefed exactly reproduce its parent: 
if it did, there would be two plants alike. Neither do any 

(228) 
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two seeds, even from the same fruit, ever produce plants 
exactly alike. Even though the seedlings resemble each 
other BO closely that people say they are the same, never- 
theless they will be fonnd to vary in size, number of 
leaves, shape, or other fear 
tures. Figs. 381 and 382 
illustrate seed-variation. 

374. Variations arising 
directly from buds, rather 
than from seeds, are bud- 
variations, and the most 
marked of them may be 
described and named as bud- 
varieties. We have learned 
in Chapter V how the horti- 
culturist propagates plants 

by means of buds: not one asi. An irhor-viio tree, (mm which seed! 

of these buds will reproduce "'" "^™ "" ^'^■ 

exactly the plant from which it was taken. We have 
already discovered (17, 118) that no two branches are 
alike, and every branch springs from a bud. Bud-varia- 
tion is usually less marked than seed- variation, however; 



yet now and then one branch on a plant may be so un- 
like every other branch that the horticulturist selects buds 
from it and endeavors to propagate it. "Weeping" or 
pendent branches sometimes appear on upright trees; nee- 
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tarines sometimes are borne on one or more branches of 
a peach tree, and peaches may be borne on nectarine 
trees; russet apples are sometimes borne on Greening ap- 
ple trees; white roses are sometimes found on red-flowered 
plants. 

375. Frequently a plant begins a new kind of varia- 
tion long after birth, even after it has become well es- 
tablished. It is on this fact that successful ag^culture 
depends, for the farmer makes his plants better by giving 
them more food and care: and betterment (like deterio- 
ration) is only a variation as compared with the average 
plant. Plants which start to all appearances equal may 
end unequal: some may be tall and vigorous, others may 
be weak, others may be dwarf : some will be worth har- 
vesting and some will not. 

376. THE CAUSES OF VARIATIONS.— FaWa^tcm^ are due 
to several and perhaps many causes. One class of causes 
lies in the environment, and another lies in the tendencies 
derived from parents. Of the environmental causes of 
variation, the chief is food supply. Good agriculture 
consists largely in increasing the food supply for plants 
— by giving each plant abundant room, keeping out com- 
peting plants, tilling the soil, adding plant-food. Pig. 
383. Another strong environmental factor is climate 
(Chapter XXVII). It is very diflftcult to determine the 
exact causes of any variation. There is much difference 
of opinion respecting the causes of variation in general. 
The extent of variation due to food supply is well illjas- 
trated in Fig. 383. The two pigweeds grew only five 
feet apart, one in hard soil by a walk, the other near a 
compost pile. They were of similar age. One weighed 
X oz.; the other 4% lbs., or 136 times as much. 

377. HEREDITY.— Marked variations tend to be per- 
petuated. That is, offspring are likely to retain some 
of the peculiarities ot their parents. This passing over 
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of characteristics from parent to offspring is heredity. 
By "selecting the best" for seed the fanner maintains and 
improves his crops. 
It is said that "like 
produces like." This 
is true of the general 
or average features, 
but we have seen that 
the reproduction is 
not exact. It is truer 
to say that similar 
produces similar. 
Fig. 384 represents a 
marked case of he- 
redity of special char- 
acters. The plants on 

the right grew from a 363. Varislion—Bla and Uttle pinweedi ot 

parent 24 in. high and *^* '™* ''"'^■ 

30 in. broad. Those on the left grew from one 12 in. high 
and 9 in. broad. (For a history of these parents see 
"Survival of the Unlike," p. 261.) 

378. SELECTIOK. — There is intense struggle for existence : 
there is universal variation : those variations or kinds live 
which are best fitted to live under the particular condi- 
tions. This persistence of the best adapted and loss of the 
least adapted is the process designated by Darwin's phrase 
"natural selection" and by Spencer's "survival of the 
fittest." Natural selection is also known as Darwinism. 

379. By a similar process, the cultivator modifies his 
plants. He chooses the variations which please him, and 
from their offspring constantly selects for seed-bearing 
those which he considers to be the best. In time he has a 
new variety. Plant-breeding consists chiefly of two 
things: producing a variation in the desired direction; 
selecting, until the desired variety is secured. 



232 VARIATION AND ITS RESULTS 

380. KVOHTTION. — Variation, heredity, natural selec- 
tion, and other agencies bring about a gradual change in 
thf, plant kingdom; this change is evolution. The hy- 
pothesis that one form may give rise to another is now 
universally accepted amongst investigators; but whether 
the vegetable kingdom has all arisen from one starting 
point is unknown. Only a few of the general lines of 
the unfolding of the vegetable kingdom, with numberless 



details here and there, have been worked out. Not eveiy 
form or kind of plant can be expected ever to vary into 
another kind. Some kinds have nearly run their eoiaree 
and are undergoing the age-long process of extinction. 
It is believed, however, that every kind of plant now liv- 
ing has been derived from some other kind. Evolution 
is still in progress. Variation and heredity are the most 
important facts in organic nature. 

Review.— What ie a variation? A varietyT Agricultural vari- 
etyf How may variations arisel Explain each of the three cate- 
gories. What are some of the causes of variation? What is heredity? 
Selection? What are essentials in pi ant -breeding? What iB evolution? 



PART III— HISTOLOGY, OB THE MINUTE 
STRUCTURE OF PLANTS 



CHAPTER XXXI 
THE CELL 

381. THE CELL AS A WHOLE.— All of the higher plants 
are made up of a large number of bodies or parts called 
cells. These are so minute that, in most cases, they are 
invisible to the naked eye. 

382. CELLS ARE OF MANY FORMS.— In general, plant 
cells may be assigned to some ane of the following 
forms : 

spherical, as in protococcus (a minute alga to be found 
on damp walls and rocks), and apple flesh ; 

polyhedral, or many-sided, as in pith of elder; 

tabular or flat, as in epidermis of leaves; 

cylindrical, as in vaucheria, spirogyra; 

fibrous, as cotton fibers; 

vascular, as the ducts of wood ; 

stellate, as in the interior of leaves of lathyrus (sweet 
pea) and other plants. 

383. PARTS OF A CELL.— Every living, growing cell 
contains protoplasm (171), a colorless, semi-fluid sub- 
stance, which is usually inclosed within a cell-wall. 
Within the wall, also, and sometimes closely surrounded 
by protoplasm, is a dense body known as the nucleus. 
The nucleus usually contains a smaller central part, or 

(233) 
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nucleolus. Cell -walls are so often absent that it is quite 
as well to think of a cell as a single nucleus with its attend- 
ant protoplasm. The nucleus is an essential part of every 
cell, and is intimately connected with the wonderful process 
of cell -division. In some very low forms of plants, as in 
some of the bacteria, no nucleus has yet been clearly 
made out. ; 

384. NATURE OF PROTOPLASM.— Protoplasm, with its 
nucleus, forms the essential part of all living, acting 
cells. It is possible in many cases to find a small mass 
of living protoplasm with a nucleus hut without a cell- 
wall. Protoplasm is not entirely homogeneous, for when 
examined with a microscope of very high power it is often 
found to be of a foamy or honeycomb nature. This mesh 
or network contains many minute granules, called micro- 
somes, and lies in a clear " ground mass " composed of cell- 
sap. On a glass slip mount in a drop of water some com- 
pressed or brewer's yeast which has been growing in a thin 
syrup of white sugar for t went}'- four hours; place over the 
drop a thin cover-glass, and examine with the compound 
microscope, first with the low power and then with the 
high. The individual cells should be visible. Note the 
shape and contents of the cells, and make a sketch of a 
few of them. A similar study may be made of the softf 

pulp scraped from a celery stem; of hairs 
scraped from the surface of a begonia leaf; 
of threads of spirogyra; cells of protococ- 
cus ; soft white cells of an apple; the thin 
385. Cells in petiole leavcs of varfous mosscs ; the epidermis of 

of begonia leaf. 

Vacuoles at t>. waxy plauts. 

^^stai"' ^'^ cti^ 385. VACUOLES.— Protoplasm often does 

cium oxalate. jjot entirely fill the cell. There may be a 

number of cavities or vacuoles in a single cell. These 

vacuoles are filled with cell-sap (t?., Fig. 385). In some 

nflrts as in buds and root- tips, where the cells are most 
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actively dividing, the protoplasm may entirely fill the 
space and no vacuoles be present. 

386. MOVEMENTS OF PROTOPLASM.— Within the cell- 
wall, many times the protoplasm shows a tendency to move 
from place to place. This movement is 
chiefly of two kinds: (1) circulation, or 
movement not only along the walls but 
also across the cell -body, as seen in the 
long, thin -walled cells of celandine; in 
the staminal hairs of tradescantia (Fig. 
386); in the bristles of squash vines; in 
the stinging hairs of nettle; in stellate 
hairs of hollyhock. (2) rotation, or 
movement along the walls only, well seen 
in the cells of many water plants, as 
elodea, chara, and nitelia (Fig. 387). 

387. Besides these and other move- 
ments of protoplasm within the cell -wall, 
there are also movements of naked vroio- 
plasmy of two main types: (1) amoeboid 
or creeping movements, such as may be 
seen in a Plasmodium of myxomycetes, or 
in an amoeba; (2) swimming by means 
of cilia or flagella, illustrated in the 
swarm -spores of water fungi, and of some 
alg8B, and in motile bacteria. By the last 
type of movement the unicellular bodies 386. circulation of pro- 

/ -I -I • \ n toplasm in a cell of a 

(swarm -spores and bacteria) are often stamen hair of trad- 

1 • -11 m A. escantia or spider- 

moved very rapidly. To see movement ^ort. Magnified eoo 
in protoplasm, carefully mount in water *^®** 
a few hairs from the stamens of tradescantia (spider- wort) . 
The water should not be too cold. Examine with a power 
high enough to see the granules of protoplasm. Make a 
sketch of several cells and their contents. It may be 
necessary to make several trials before success is attained 
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in this experiment. If the microscope is coid, heat the 
stage gently with an alcohol lamp, or by other means; 
or warm the room. See Fig. 386. 

388. NATURE OF CELL-WALL.— The cell -wall of very 
young cells is a delicate film or membrane. As a cell 
grows in size the wall remains thin and does not begin to 
thicken until the cell has ceased to enlarge. The funda- 
mental substance of cell -walls is a carbohydrate known as 
cellulose. The cellulose generally stains blue with hema- 
toxylin. Often by incrustations or deposits of one kind 
or another, the cellulose reaction is lost or obscured. Two 





387. Rotation of protoplasm in Elodea Canadensis (often known as 

Anacharis). Common in ponds. 

of the most common additions are lignin, forming wood, 
and suberin, forming cork. The walls then are said to be 
lignified or suberized. 

389. In all the cells studied in the above experiments 
the walls are thin and soft. In general, those cells which 
have thin walls are called parenchymatous cells. Some 
cells, as those of nuts and the grit of pear fruit, have 
very thick walls, and are called sclerenchymatous cells. 
In many cases the cell -walls are intermediate between 
these extremes. 

390. Cell -walls often thicken by additions to their 
inner surface. This increase in thickness seldom takes 
place uniformly in all parts. Many times the wall re- 
mains thin at certain places, while the most of the wall 
becomes very thick. Again the walls may thicken very 
much in angles or along certain lines, while most of the 
wall remains thin. As a result of this uneven thickening 
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388. Bordered pits in 
pine wood. 



the wails of cells take on certain definite markings. Some 
of the names applied to these markings are: 

Pitted, with little holes or depressions, forming very 
thin places, as seen in seeds of sun- 
flower, and in the large vessels in 
the stem of the cucumber. 

Bordered pits, when the pits are in- 
closed in the cell-wall, as in wood of 
pines and other conifers. Fig. 388. 

Spiral, with the thickening in a spiral 

band, as in the primary wood of most woody plants 
and in the, veins of leaves. Fig. 389. 

Annular, with thickening in the form of rings; seen 
in the large vessels of the bundles in stem of Indian 
corn. Fig. 389. 

Scalariform, with elongated thin places in the wall, 
alternating with the thick ridges which appear like 
the rounds of a ladder. Fig. 389. These are well 
shown in a longitudinal section of the root of the 
brake fern (Pteris). 

391. MULTIPLICATION OP CELLS.— Cells give rise to 
new cells. Thus does the plant grow. The most com- 
mon method by which cells are multiplied is that called 
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an 



BO 






cell division. A modified form of cell 
division is called budding. Cell di- 
vision is a process by which two 
(or more) cells are made from one 
original cell. Cells which have an 
abundance of protoplasm are usually 
most active in 
process is 

The nucleus gradually divides into two masses and 
the protoplasm of the cell is apportioned between 
these two nuclei; a new cell -membrane, or partition 
wall, is usually thrown across and the cell is completely 



cell division. The ^iJ^t^STi^i'^^^'f' • 

sp, spiral; an, annular; 

at first an internal one, w, scalariform. 
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divided into two cells. Fig, 390, In some cases, however, 
the nucleus divides many times without the formation of a 
cell-wall. The cell which hegan to divide is called the 
mother cell, and the resulting cells are daughter cells. 
" * < ^ 392. Cell bud- 
ding is a variety of 
cell division in which 
the cell is not di- 
vided in the mid- 
dle. The mother 
„ , - ,. >,^ , cell pnehes out a 

Uothercellatlefl, brsdiuicediDdiiisiaD: danchtei pfOtabersnce, whlch 

cells >t ri^t. becomes separated by 

a constriction of the walls. Cells of the yeast plant and 
the spores of many fungi multiply in this way. 

393. In no case, so far as we yet know, can the cell 
divide without a division of the nucleus and the protoplas- 
mic mass. There are two methods of nuclear division: (1) 
direct, as found in the old cells of nitella, tradescantia, and 
others, in which the mass of the nucleus divides by simple 
constriction; (2) indirect, as found in all actively growing 
tissue, in pollen grains, spores, etc. There are several 
stages in the latter process. The nucleus divides in intri- 
cate methods, giving rise to odd forms known as nuclear 
figures. Mitosis and karyokinesis are names sometimes 
given to indirect nuclear division. The study of this pro- 
cess is a very difficult one, as it requires a very high power 
microscope to see the different stages. They are easily 
seen in cells found in buds of eonvallaria and in pollen 
grains of that plant, but may be studied in all plants. The 
process is too difficult for the beginner to trace, but it is 
outlined in the note on nest page. Fig. 390 is not intended 
to represent all the stages in indirect nuclear division. 

Review. —What are some ol the forms of oellst Name the parts 
of a living cell. What part or parts are essential in all caseaT Give 
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your idea of the nature of protoplasm. What differences did you find 
between the cells of yeast and those of green alga? In what ways do 
they resemble each other? Tell the same of cells of protococcus and 
of apple, or of other material studied. What is a vacuole? What 
does it usually contain? Name two kinds of movements of protoplasm 
within the cell -wall, and explain how each may be observed. Name 
and describe two movements of naked protoplasm. Tell something 
of the texture of cell- walls. What causes the markings found on cell- 
walls? Name five types of markings. Draw two figures to show 
structure of bordered pits. Make a sketch of spiral, annular, and 
scalariform markings. Name two methods of cell -multiplication. 
Describe the process of cell -division. How does cell-budding differ 
from cell-division? Name two methods of nuclear division. Which 
is the more common method ? 

Note to PARAOEiAPfl 393. — Earyokinesis (the indirect or mitotic 
process of nuclear division) is an intricate subject. The details vary 
in different plants, but the essential stages are as follows: 

During the resting stage the nucleus is surrounded by a very deli- 
cate but distinct membrane. Within this inclosure is an intricate net- 
work of colorless (Zimn) threads bearing very numerous granules, which 
in stained preparations are highly colored, and for this reason have 
received the name chromatin. The network is surrounded by nuclear- 
sap, and often incloses within its meshes a large body called the 
nucleolus. As the time for division approaches the chromatin network 
changes into a definite, much-coiled, deeply stained ribbon, in which 
the granular structure is much less noticeable, and this in turn seg- 
ments transversely into a number of parts called chromosomes. The 
protoplasmic fibrils immediately surrounding the nucleus now grad- 
ually converge towards two points lying on opposite sides of the 
nucleus and at a slight distance from the membrane. This is accom- 
plished in such a way that a spindle of nearly colorless threads is 
produced, with the two previously mentioned points of convergence 
acting as poles. Meanwhile both the nuclear membrane and the nu- 
cleolus have disappeared, but whether these structures take part in 
the formation of the spindle is yet an open question. Radiations 
of protoplasmic threads called asters sometimes occur around the 
poles, and in a few lower plants, as well as in most animals, the pole 
is occupied by a small spherical body termed a oentrosphere. The 
steps so far are known as the prophase stages. The chromosomes now 
move to the equator of the spindle, where they arrange themselves in 
a definite manner, forming the so-called nuclear-plate {metaphase 
stage) . Each segment splits longitudinally, apparently on account of 
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the contractive action of the spindle fiber to which it is attached ; and 
one daughter- segment passes to each pole (anaphase stage). Each of 
the two groups of daughter- segments very soon becomes surrounded by 
a new membrane, the chromosomes gradually fuse end to end, the 
nucleolus reappears, and at length two resting nuclei are produced 
similar in every respect to the parent nucleus {telophase stage). 
Meanwhile each spindle fiber becomes swollen at the equator, thus 
producing a series of dots all arranged in one plane. These at length 
fuse, forming a delicate transverse cell -membrane, which by the pe- 
ripheral expansion of the spindle at length reaches the lateral walls, and 
cell-division is thus complete. This process of indirect nuclear 
division is one of the most wonderful phenomena yet discovered in 
organic development, not only on account of its intricacy and beauty, 
but also because it has been found that hereditary characteristics are 
in all probability transmitted solely through the chromosomes. The 
longitudinal division and separation seem to be for the purpose of 
insuring equal apportionment of the hereditary substance to each 
daughter-nucleus. The subject, however, is still in its infancy, and 
authors disagree both as to details and as to theoretical considerations. 

Note on Scope, Apparatus, and Methods. — The work outlined 
in Part III is sufficient, if well don^, to occupy one period of the 
pupil's time each school day for six weeks. These chapters are 
intended only as laboratory gvides. The pupil should work out each 
structure or part for himself before taking up the succeeding subject. 
The work in this Part deals with only the elements of the subject, but 
it is as much as the high school pupil can hope to take up with profit. 

Apparatus, — The apparatus necessary for the work outlined in 
these chapters on histology may be obtained from dealers in micro- 
scopes and laboratory supplies at a low figure. Schools should obtain 
catalogues from the following and other reliable dealers: 

Bausch & Lomb Optical Co., Rochester, N. Y. 

Eimer & Amend, New York. 

The Franklin Educational Co., Boston. 

Queen & Co., Philadelphia. 

Richards & Co., Chicago and New York. 

Spencer Lens Co., Buffalo. 

Williams, Brown & Earle, Philadelphia. 

Geneva Optical Co., Chicago. 

Whitall, Tatum & Co., New York. 

Chas. Lentz & Sons, Philadelphia. 

Richard Kny & Co., New York. 

Cambridge Botanical Supply Co., Cambridge, Mass. 
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The mieroscope should have a one -inch and perhaps a two-incli 

eye-piece and two objectives of say |- and i-inch focal lengths. 

By arranging the laboratory study of the pupils at different times 

each microscope may be used by three, four, or even more pupils. 

There should be a microtome or section -cutter for use by the 
class. 

Each pupil should have his own individual tools and bottles of 

reagents, as follows: 

1 good razor (hollow-ground on one side only), 
1 small scalpel, 

1 pair foroeps, 

2 sharp needles mounted in handles (as penholders) (Fig. 199), 
1 medicine dropper, 

1 small camel's hair brush, 

A number of slides and cover -glasses. 

Of reagents, stains, and other chemicals, there should be the 
following : 

Glycerine, 

Ninety -five per cent alcohol. 

Formalin (40 per cent formaldehyde). 

Clearer (made of three parts turpentine and two parts melted 

crystals of carbolic acid), 
Canada balsam. 
Ether, 

2 per cent and 5 per cent collodion. 

Iodine dissolved in water, 

'' alcohol. 
Hematoxylin, 

Copper sulfate solution. 

Potassium hydroxide solution, 

Fehling's solution (see paragraph 397), 

Alcanin (henna root in alcohol). 

The two per cent collodion is made of forty -nine parts alcohol,- 
forty -nine parts ether, two parts soluble cotton. This strength is 
suitable to use in sticking sections to the glass slide to prevent 
their escape during the staining and clearing process. It need not 
be used unless desired. Collodion is often useful for imbedding 
material, as indicated under the head "Imbedding" on page 243. 
Pupils must exercise great care in using carbolic acid, as it burns 
the flesh. 

Hematoxylin stain may be obtained of dealers in a condition 
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ready for n^e, or may be prepared by this recipe {Gage^s Hematoxy^ 
lin): Distilled water 200 cc. and potash alum 7i grams, boil together 
for five minutes in glass dish or agate ware. Add enough boiled 
water to bring the volume back to 200 co. When cool add 4 grams 
of chloral hydrate and -fs gram of hematoxylin crystals which have 
been dissolved in 20 cc. of ninety-five per cent alcohol. This is 
quite permanent, and becomes of a deeper color after standing for 
some time if left in a light place and frequently shaken: It stains 
the tissues which bear protoplasm and cellulose walls, causing them 
to stand out in contrast with the other tissues. 

Preparing and Keeping Laboratory Material, — In preparing material 
for the experiments outlined in Part III., the pupil or teacher will 
find it best to get much of the material during the growing season 
and preserve it until the time for use. Soft material should be 
dehydrated and hardened by placing it in about 40 per cent alcohol 
for several hours to two days, according to its size, and then plac- 
ing it in about 70 per cent for the same lenerth of time. It can then 
be placed in 80 per cent alcohol, and is ready for use at any time. 
When thus preserved, the tissues containing protoplasm are some- 
times much shrunken. For this reason it is well to preserve some 
of the material in a liquid containing a great deal of water. One of 
the best liquids is a 2 per cent or 2% per cent solution of formalin. 
This preserves material well but does not dehydrate it. Formalin 
burns the flesh. 

Free-hand Cutting and Mounting, — To cut sections, the material 
may often be held between pieces of pith or smooth cork in the 
microtome or fingers. The material and sections should be kept wet 
with alcohol during the time of cutting. 

The sections when cut should be wet in water, then stained 
with hematoxylin for a few minutes; drain oflf the hematoxylin and 
rinse with water; then use ninety -five per cent alcohol to extract 
all the water from the sections; then pour on clearer for a few 
minutes. Put a drop of Canada balsam on the sections, and they 
are ready for the thin cover glass. Mounts thus made are permanent. 

Some reasons for the steps in the process may be understood 
from the fact that hematoxylin does not mix readily with alcohol, 
and balsam does not mix with water nor with alcohol. Sections 
mounted before they are freed from water become cloudy and 
worthless. 

Fixing and Microtome Sectiotiing . — For the purpose of preparing 
permanent miscroscopie sections of leaves, wood, or any other plant- 
tissues, select typical specimens of the part desired and cut them 
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into pieces as small as can be conveniently handled. These may 
then be prepared by the following processes: 

1. Fixing: If the material is to be used simply for the study of 
tissue -arrangement, cell -structure, etc., the treatment with alcohol 
described in the paragraph relating to the preparing and keeping of 
laboratory material is sufficient preparation for the imbedding process. 
Protoplasmic structures, however, are likely to be distorted or disin- 
tegrated after this treatment, due to the slow process of killing. Some 
method of quickly killing or " fixing" the protoplasm is therefore neces- 
sary. With hematoxylin staining only a few methods are available, 
among which the following is perhaps the best. Cut the fresh material 
into very small pieces (the smaller the better) and drop into so-called 
absolute alcohol (96 per cent or stronger) ; after a few hours preserve 
in 90' or 95 per cent alcohol. With other stains more accurate fixing 
agents may be used, such as chromic acid, osmic acid, acetic acid, 
etc., either separately or in combination. The treatment, however, 
is in these cases rather complicated. 

2. Imbedding: The pieces must be imbedded in some substance 
in which they can be held and sectioned. For this purpose col- 
lodion is generally used. Pour off the alcohol, and add enough 2 
per cent collodion to cover the material about three -fourths of an 
inch. After twenty -four hours this may be poured back into the 
stock bottle, and an equal amount of 5 per cent collodion put on the 
material. The collodion contains ether and alcohol, both of which 
are volatile ; therefore these operations must be performed as quickly 
as possible, and the corks of collodion bottles should always be 
sealed by holding the bottle neck down for a few seconds. Leave 
the material in 5 per cent collodion twenty- four hours, and then 
pour the contents of the vial into a paper box, which may be made 
by folding a piece of writing paper. The size of the box must be 
judged so that each piece of material will be surrounded by a 
quantity of collodion, and the inside of the box should be greased 
with vaseline to prevent the collodion from sticking. The pieces 
will sink to the bottom, where they may be arranged with a needle. 
If there is not enough collodion in the box add some from the stock 
bottle. The box should then be placed in a shallow vessel on the 
bottom of which a little alcohol has been poured, and covered with 
a pane of glass leaving a very small opening on one side. In about 
twenty -four hours the collodion will have hardened into a cake hav- 
ing the consistency of cheese. The material may now be cut into 
small blocks and stored in 85 per cent alcohol. 

3. Cutting: For cutting sections, either a hand microtome or a 
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small sliding mtcrotome &nd a sharp rszor sre neeessarj. Cnt im» 
of the pieces ot collodion into sd oblong block with the imbedded 
materiftl near one end. This can be elamped in the microtome, be- 
ing held in place by a flat piece ot eork on either side. The oollodion 
must projeet above the corlt. The razor should be adjneted in such 
a manner that the vhole length of the blade is ased in cutting. Tb« 
blade should be tilted downwards so that only the cutting ed^ 
comes in contact with the block which should not be scraped by the 
lower fiat surface of the razor l)'ick of the edge. Both the collodion 
block and the razor must be kept flooded with alcohol during the 
process of cutting, When several sections have been cut they may 
be floated out on a slide and arranged near the center. Then with 
a pipette place a drop of ether on the sections. This partially dis- 
solves the collodion and thus sticks the sections to the slide. The 
slide is then covered with water to remove the alcohol, after which 
it is ready for staining. Beetions are ruined it allowed to become 
dry at any time after cutting. 

4. Stain with bematosylia for from three to Ave miuntes, and 
wash off the surplus stain with water. 

6. Drain off the water and dehydrate by keeping the slide flooded 
witn alcohol for ten minutes, or by placing it in a vessel of alcohol. 

6. Pour off the alcohol and cover the slide with a clearing mix- 
ture (see p. 241) and allow it to stand for ten minutes. The clearer 
removes the alcohol which cannot mix with balsam. 

7. Drain and wipe off as much of the clearer as possible with- 
out touching the sections. Then place a small drop of prepared 
Canada balsam on the sections near the center of the slide, and with 
a pair of forceps lay on a clean cover-glass. If the proper amount 
of balsam has been used it will spread out to the edge of the cover- 
glass without exuding. The slide is now ready to be examined. It 
should be cleaned and labelled and put away in a small wooden box 
which is furnished by dealers in microscopical supplies. 
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CHAPTER XXXII 

CONTENTS AND PRODUCTS OF CELLS 

394. THE LIVING CELL IS A LABORATORY.— In nearly all 
cells are found one or more non- protoplasmic substances 
which are produced by the plant. Some of these are very 
useful to the plant, and others seem to be discarded or 
excretory products. There is considerable division of labor 
among the cells of higher plants, one cell or group of cells 
producing one product and another cell producing another 
product. 

395. CHLOROPHYLL. — Cells may contain chlorophyll 
bodies if they are exposed to the sunlight. Chlorophyll 
is a green substance infiltrated in a protoplasmic ground - 
mass. It imparts color to all the green parts of the plant. 
Its presence is absolutely necessary in all plants which have 
to secure their nourishment wholly or in part from the air 
and from mineral matter of soil. Review Chapter XII. 
Most parasites and saprophytes do not bear chlorophyll, 
but live on organic matter (Chapter XIII). The oval 
bodies in the cell of Figs. 411, 413, 414, are chlorophyll 
bodies. 

396. CELL-SAP. — Often the most abundant of the differ- 
ent cell -contents is cell-sap. It may contain a number of 
different substances, many of which are in solution and can 
be detected by the use of chemical reagents. Some of these 
substances are: 

milk (lactose). 

grape (glucose or dextrose, C6H12O6). 
Sugar, j fruit (levulose). 

cane (saccharose, C12H22O11). 
. malt (maltose). 

(245) 
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Alkaloids, 



Inulin, which takes the place of starch in compositad 

and others. 
Fats and oils, as in flaxseed and castor bean. 
Mucus or mucilage, as in orchid roots, onions, qninee 

seed, ducts of some plants, as cycads. 

Tannins, as in oak, hemlock- bark, and many other 

plants. 

f AtropiUf in belladonna. 

Nicotin, in tobacco. 

Emetiny in ipecac root. 

Caffeinj in coffee. 

Strychnin, in nnx vomica. 

Morphin, in Papaver somniferum (opium 

poppy) . 
Quinin, in cinchona or Peruvian bark 
tree. 
Resins, as in GonifersB. 

Gum-resins, Caoutchouc, as in India-rubber plant. 

Formic, as in stinging nettles. 
Acetic, as in fermented cider. 
Oxalic, mostly in form of calcium 
oxalate (see crystals. Fig. 385). 
Malic, as in apple. 
Citric, as in lemon. 
And many others. 

397. Sugar is found in almost all parts of the plant 
and at all periods of growth. In a few it is crystallized, 
as in date-seeds, squills, and others. Sugar serves as a 
reserve material in such plants as beet, cane, corn, onion. 
Being readily soluble, sugar is a convenient form for the 
transportation of the food store from one part of the plant 
to another, as from leaves to roots during the fall season 
and from roots to stems and leaves during the spring sea- 
son. It results from the digestion of starch (168). See 
note p. 251. Sugar in fruits attracts many animals, and in 
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nectar of flowers it attracts insects. To test for glucose : 
Make a thick section of a bit of the edible part of a 
pear and place it in a bath of Fehliug's solution. After 
a few moments boil the liquid containing the section for 
one or two minutes. It will turn to an orange color, 
showing a deposit of an oxide of copper and perhaps 
a little copper in the metallic form. A thin section 
treated in like manner may be examined under the micro- 
scope, and the fine particles, precipitated from the solution 
by the sugar of the pear, may be clearly seen. (Fehling's 
solution is made by taking one part each of these three 
solutions and two parts of water: (1) Copper sulfate, 9 
grams in 250 c.c. water; (2) sodium hydroxide, 30 grams 
in 250 c.c. water; (3) rochelle salts, 43 grams in 250 c.c. 
water.) To test for cane sugar: (1) Make a thin section 
of sugar beet and let it stand a few minutes in a strong 
solution of copper sulfate. Then carefully rinse off all 
the salt. (2) Heat in a very strong solution of potassium 
hydroxide. There will be seen a blue coloration in the 
section, gradually washing out into the liquid. 

To test for oil: Mount a thin section of the endosperm 
of castor-oil seed in water and examine with high power. 
Small drops of oil will be quite abundant. Treat the 
mount with alcanin (henna root in alcohol). The drops 
of oil will stain red. This is the standard test for fats 
and oils. 

To examine gum- resin: Mount a little of the "milky" 
juice of the leaf stem of the garden poinsettia (Euphorbia 
pulcherrima) . It is of a creamy consistency. Examina- 
tion under the microscope shows that it is not white, as 
it seems to the naked eye. The particles are yellowish 
or colorless and are insoluble. These particles are gum 
resin. They have been emulsified by the plant, making 
the juice appear white. 

398. CONTENTS NOT IN SOLUTION.— Starch is the most 
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abundant of the eolid products of the cell. Starch grains 
have a definite form for each group of plants, and groups 
can be determined by the form of their starch grains. 
Detection of adulteration of various products containing 
starch is accomplished by the aid of the microscope. In 
potato starch the grains are ovate, with a "naelens" near 
one end, as shown in Fig. 391 . In poinsettia they are dumb- 
bell-shaped, with two nuclei (Fig. 391). 
In corn they have equal diameters, with 
radial fissures. In Egyptian lotos they 
are forked or branched. So far as 
, known all starch grains are marked 
with rings, giving a striated appearance, 
due to the difference in density of the 
layers. When all water is driven out of 
crice. jj^g atarch the rings disappear. The 

layers are more or less eoneentric, and are formed about 
a starch nucleus. 

399. Starch grains may be simple, as found in potato, 
wheat, arrow-root, corn, and many others; or they may be 
in groups called compound grains, as in oats, rice (Fig. 
391), and many of the grasses. 

400. Starch may be found in all parts of the plant. 
It is first formed in presence of chlorophyll, mostly in 
the leaves, and from there it is carried to some other part 
of the plant, as to the roots or tubers, to be stored or to 
be used. When found in the presence of chlorophyll it is 
called transitory starch, because it is soon converted into 
liquid compounds to be transported to other parts of the 
plant. When deposited for future use, as in twigs and 
tubers, it is stored starch. 

401. The composition of starch is in the proportion of 
CoHioOs. The grains are insoluble in cold water, but by 
saliva they are changed to sugars, which are soluble. Great 
beat converts them into dextrine, which is soluble in water. 
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Starch turns blue with iodine (75). The color may be 
driven away by heat, but will return again as the tempera- 
ture lowers. To test for starch : Make pastes with wheat 
flour, potato starch, and com starch. Treat a little of each 
with a solution of rather dilute iodine. Try grains from 
crushed rice with the same solution. Are they the same 
color? Cut a thin section from a potato, treat with iodine 
and examine under the microscope. To stiidy starch 
grains : Mount in cold water a few grains of starch from 
each of the following: potato, wheat, arrow -root (buy 
at drug store) , rice, oats, corn, euphorbia. Study the sizes, 
forms, layers, fissures, and location of nuclei, and make a 
drawing of a few grains of each. 

402. Amylo-dextrine is a solid product of the cell 
much resembling starch in structure, appearance, and use. 
With the iodine-test the grains change to a wine-red color. 
Seeds of rice, sorghum, wild rice, and other plants contain 
amylo-dextrine. Amylo-dextrine is a half-way stage in 
the conversion of starch into maltose and dextrine. These 
latter substances do not react with iodine. 

403. Protein or nitrogenous matter occurs largely in 
the form of aleurone grains, and is most abundant in 
seeds of various kinds. The grains are very small, color- 
less or yellowish in most plants, rarely red or green. In 
the common cereals they occupy the outer 
layer of cells of the endosperm. Fig. 392. 
In many other cases they are distributed 
throughout the seed. The grains vary in 
size and form in different species, but 

., . . .,, . , 392. Aleurone grains 

are rather constant withm each group. (ai) in kemei of 
They are entirely soluble in water unless ^^®*** 
certain hard parts or bodies, known as inclusions, are 
present, and these may remain undissolved. The in- 
clusions may be (a) crystaloids, as in potato, castor-oil 
seed; (ft) globoids, as in peach, mustard ; (c) calcium oxa- 
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late crystals, as in grape seed% To study aleurone grains 
and their inclusions: Cut a thin cross-section of the 
peripheral cells of a grain of wheat and mount in alcohol. 
Stain with an alcoholic solution of iodine to color the grains 
yellow, and examine with the highest power. Make a 
sketch of a few layers of cells, just beneath the epidermis. 
Make a sketch of a few of the grains removed from the 
cells. While looking at the mount run a little water under 
the cover glass and watch the result. Make a similar 
mount and study of the endosperm of castor-oil seed, or 
of grape seed. In the castor -oil seed look for inclusions 
of large crystaloids and small globoids. In the grape seed 
globoids should be found with crystals of calcium oxalate 
within them. This experiment will require the power of 
i- or i-inch objective. 

404. Cells may contain crystals. Besides the crys- 
tals which are found as inclusions of aleurone grains, 
many others may be found in many plants. In onion 
skin they are prisms; in night -shade they 
are in the form of crystal flour; in the 
petioles of the peach they are roundish, with 
many projecting angles ; in the rootstock of 
skunk cabbage and the bulbs of hyacinth they 
are needle-shaped and are called raphides 

(Fig. 393). In the leaf of 
the India-rubber plant (com- 
mon in greenhouses) are found compound 
clusters resembling bunches of grapes, 
which are called cystoliths (Fig. 394). 
These are concretions and not true crys- 
tals. In saxifrage mineral matter appears 
as incrustations on the surface of the 
plant. Towards autumn, crystals of calcium oxalate be- 
come very abundant in the leaves of many deciduous trees: 
examine cross -sections of peach petiole in June and again 





303. Raphides of 
rhizome of. skunk 
cabbage. 



894. Cystolith in leaf 
of rubber plant. — 
Ficus elastica. 
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in October. To study crystals and cystoliths : section the 
rootstock of skunk cabbage or Jack-in-the-pulpit, the leaf 
of Ficus elastica, the leaf of ivy (Hedera helix) ; make a 
separate mount of each in water, and examine with the 
high power. When the crystals are found, draw them, 
with a view of the adjacent cells. Make a similar study 
of a bit of thin onion skin. 

405. Summary of cell-contents and products: 

1. Chlorophyll. 

2. Cell -sap, and substances found in solution. 

3. Starch. 

4. Amylo- dextrine. 

5. Aleurone grains (crystaloids and globoids). 

6. True crystals, and other mineral matter. 

Review. — Name six classes of contents or products of the cell. 
Where found? Of what use? What is chlorophyll? What is its 
use? What is assimilation (170) ? Give outline of the products of cells 
found dissolved in cell -sap. What are the uses of sugar to plants? 
Name some kinds of sugar found in plants. Describe an experiment 
to test for glucose. Same for cane sugar. How may we find the oil 
in plants? Describe an experiment for the study of gum -resin. Why 
does the juice containing it appear white? Describe starch grains of 
potato. Tell how starch grains of other plants studied differ from 
those of potato. What are the uses of starch to the plant ? Where 
is the plant's starch factory? Describe an experiment to test for 
starch. Name some plants in which we may find amylo -dextrine. 
How does its test differ from that for starch ? What are aleurone 
grains? In what cells are they found in kernels of wheat? Name 
some of the forms in which we find true crystals in plant cells. 

Note to Paragraph 397. — The digestion of starch is produced 
by means of enzyms or unorganized ferments (i. e., ferments which 
are not bacterial or fungal, but are chemical substances). These 
ferments, as diastase, are present in seeds and other living tissues 
containing starch. During dormant periods the enzyms either are 
not present, or their action is prohibited by the presence of other 
substances. There are various specific enzyms, each producing 
definite chemical changes. 

Grape sugar and its associate, fruit sugar, appear to be the forms 
most generally useful to plants. Cane sugar is readily inverted into 
these sugars. 



CHAPTER XXXIII 

TISSUES 

406. The lowest plants are unicellular or composed of 
only one cell. Of such are bacteria (Fig. 123). All the 
higher plants are composed of collections or aggregations 
of innumerable cells: they are multicellular. If we ex- 
amine the cells of the stem, the kaves, and the roots of any 
common garden plant we find that they differ very widely 
from each other in shape, size, and texture, 

407. Any group of similar cells is called a tissue. 
Each of the different tissues of a plant has its own type of 
cells, although the cells in a tissue may differ from each 
other in various minor ways. 

408. PARENCHYMATOUS TISSUE. — Thin-walled cells are 
known as parenchyma cells. When they unite they form 
parenchymatous tissue. These may or may not be elon- 
gated in form, and they usually contain protoplasm. 
Parenchymatous tissue is found at the gromng point 
of a shoot or root (Fig. 395); in the mesophyll (soft 
pulpy part) of the leaves (Fig. 411) ; around the vascular 
bundles of stems and roots (Fig. 402/), and in a few other 
places, as pith, medullary rays, etc. The cells of this tis- 
sue may be meristematic — in a state of active division and 
growth ; or they may be permanent, no longer able to 
divide. 

409. One important use of this tissue is to form other 
tissues, as in growing points. Near the end of any young 
root or shoot the cells are found to differ from each other 
more or less, according to the distance from the point. 
This differentiation takes place in the region just back of 

(252) 
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the growing point. In the mesophyll (or middle soft 
part) of leaves the elaboration of plant-food takes place. 
Intercellnlar spaces filled with air and other gases are com- 
mon in this tissue of leaves, as well as in parenchyma of 
other parts of the plant. 

410. To study growing points, 
use the hypocotyl of Indian com 
which has grown aliout one-half 
inch. The material should he placed 
in 40 per cent ah^ohol for a few 
hours, then in 70 per cent for the 
same length of time, and then in 95 
per cent until ready for use. Make 
a series of longitudinal sections, 
stain with hematoxylin, mount, and 
then select the middle or median 
one for study with the high power. 
Note these points (Fig. 395): (a) 

Root-cap beyond the growing point. ^jj^'^"!^'^a"'d!'d^^ 
(b) The shape of the end of the *^> p-p-periwem; «,«.«n- 
root proper and the shape of the ui (mmp o( i»ii.. or growing 
cells fonnd there, (c) The group p-i" p"p"- '■ ™t«'' 
of cells in the middle of the first layers beneath the 
root-cap. This group is the growing point, (d) Study 
the slight differences in the tissues a short distance 
back of the growing point. There are four regions: the 
plerome, several rows of cells in the center; the endo- 
dermis, composed of a single layer on each side ; the 
periblem, of several layers outside the endodermis, and 
the dermatogen, on the outer edges. Make a drawing of 
the section. If a series of the cross -sections of the hypo- 
cotyl should be made and studied, beginning near the 
growing point and running back some distance, it would 
be found that these four tissues become more distinctly 
marked. The central cylinder of plei-ome will contain the 
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ducts and vessels ; the endodermis remains as endodermis; 
periblem becomes the cortex of parenchyma; the derma- 
togen becomes the epidermis of the root. 

411. EPIDERMAL TISSUE. — This is a special modification 
of parenchyma, comprising the thin layers on the exterior 
of leaves and stems. The cells are often tabular or plate- 
like in form, as in the epidermis of leaves (Fig. 115) ; 
and their outer surface bears a layer of cuticle, a protec- 
tive substance which is insoluble even in sulfuric acid. 
They do not bear chlorophyll and often contain only cell- 
sap, with a little protoplasm. Their walls are much thick- 
ened in some cases, as in Figs, 394 and 414. Hairs and 
bristles are considered to be modified epidermal tissue. 

412. COLLENCHYMATOUS TISSUE.— Tis- 
sue composed of cells thickened at the 
angles, not much elongated and not 
lapping at the ends, is known as collen- 
chyma (Fig. 396). It is strengthening 
tissue. Good examples are found in 
396. CoUenchym'a in wild such viucs as pumpkiu, cucumbcr and 
jewel-weed or touch-me- gourd. The tissuc is slightly clastic 
iinpa ens . ^^^ allows of somc strctchiug. Cut a 

few thin cross -sections of large stems of jewel -weed, and 
mount in water. Study with high power. 

413. SOFT BAST OR SIEVE TISSUE. — In the higher plants 
is a tissue known as soft bast or sieve tissue (this also 
forms part of the bundle; 424). It is composed of two 
types of cells which almost always accompany each other. 
These are sieve tubes and companion cells (Fig. 397). 
Both are elongated, thin -walled and blunt at the ends. 
The sieve tubes are so called because of the sieve -like 
areas which they bear in various parts. These areas, called 
sieve plates, are commonly at the ends (as partitions) but 
may be in the lateral walls. Fig. 397. They serve to 
connect the cell -cavities with each other, and through 
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tliera the protosplasm strands extend, as shown in the 
figure. Their exact function is not known. 

414. PROSBWCHYMATODS TISSUE. — Several elongated 
and strong tissnes, which greatly strengthen the stems in 
which they are found, are 
collectively known as pros- 
enchyma. The cells of 
these tissues become much 
thickened by the addition 
of layers to the inner sur- 
face, and finally lose their 
protoplasm. They may, at 
times, serve as store-rooms 
for starch and other nu- 
trients, and take an im- 
portant part in the trans- 
fer of the plant juices. 
Some writers call this 
group of tissues scleren- 
chyma. 

415. There are four 
main varieties of tissues 
which may be included 
under prosenehyma. (1) sbj.bmmis 
Fibrous tissue, composed Jj^pi^ 
of very thick-walled cells 'J^ '^^'''• 

with very small central planu is iihrmkcii from the TB)li''b'7 

cavities. F, Fig. 401. ™"™''- - 
They are very long and tapering at the ends, which lap. 
Such tissue is found in many plants where it often 
wholly or in part surrounds the fibro-vaseular bundles. 
It is more often but not always found near the soft 
bast: hence the cells are sometimes called bast fibers or 
hard bast. (2) Wood tissue, or wood fibers. This is 
composed of cells much like the preceding in structure. 
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but with thinner walls and the central cavity not so 
nearly closed. In some cases snch fibers have transverse 
walls. Wood cells constitute a lai^ part of the wood of 
some ' plants and are in other cases found scattered only 
among the other prosenchyma. (3) Tracheids. Cells of 
this tissue differ from ordinary cells in being supplied with 
numerous bordered pits or other characteristic markings. 



it Seotcrh i>in« woodn highly mnsnlfled. 



They constitute the largest part of the wood of the pines 
and other gymnosperms. Fig. 398. (4) Vascular tissue, 
composed of large cells which become confluent end to end, 
forming long tubes or ducts. TT', Fig. 401. From the 
thickened markings which these cells bear they are named 
spiral, annular, pitted, scalariform, etc. Pig. 389. These 
vessels are often of considerable length, but are never con- 
tinuous through the entire plant. Cut a grape-vine stem 
2 or 3 feet long. Place one cut end in a glass of water and 
with the other end in the mouth, try to force air through 
the stem. If not successful, shorten the stem a little. 
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416. SCLEBENCHTHATOnS OR SCLEROTIC TISSUE. — 
Sclerenchyma cells are hard, not elongated, often some- 
what spherical, and their thickened walls are provided 
with simple or branching canals. The cells of this tissue 
are illustrated by the common grit cells of the pear and 
some other fruits. They are also found in the coats of 
many seeds, in nut shells, in the pith of some plants. 
Hold a large gritty part of a pear between two pieces of 
smooth elder pith or cork and make free-hand sections. 
Mount in water. Make a drawing of a single cell showing 
thickness of wall, size of central cavity, wall markings. 
Note the general shape of the cells. 

417. LATICIFEROUS TISSUE. — That tissue found in many 
plants which contain a milky liquid is called laticiferous 
tissue. There is no fixed type for the vessels which carry 
this fluid, as they vary greatly in different plants, being 
simple in the asclepias (milk weed), and complex in the 
dandelion. 

418. TISSUE SYSTEMS. — The parts of complex plants 
may be conveniently grouped into three tissue systems : 
(1) Fibro-vascular tissue system. This is composed of 
fibro-vascular bundles. The fibrous framework of roots, 
stems, and leaves is made of fibro-vascular bundles. 
(Fibro-vascular means fibrous or long and slender, and 
having long openings or channels.) Each bundle is 
composed of two fundamental parts: phloem and xylem. 
The bast fibers may or may not be present. Phloem is 
another name for the soft hiist or sieve tissue^ while xylem 
is the name of the lignified or woody part and is com- 
posed chiefiy of the wood cells, tracheids, and ducts. In 
stems of dicotyledons (exogens), these two parts of the 
bundle are separated by cambium, a meristematic layer giv- 
ing rise to xylem on one side and to phloem on the other. 
For types of bundles, see next chapter. (2) Fundamen- 
tal tissue system. This is composed of the parenchyma- 
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tons tissue already described. The flbro- vascular system 
may be said to be imbedded in the fundamental tissue. 
(3) Epidermal tissue system. This is the covering of 
the other systems, and is composed of epidermal tissue, 
already described. It should be borne in mind that the 
types of cells and tissues as defined in this chapter are 
not all that may be found in plants. There are many inter- 
mediate forms, e. g., tracheids and ducts blend the one into 
the other; and the same is true of wood cells and tracheids, 
419. Summary of tissues studied: 

1. Parenchymatous tissue. 

a. meristematic. 
6. permanent. 

2. Epidermal tissue. 

3. Collenchymatous tissue. 

4. Soft bast or phloem (sieve tissue). 

5. Prosenchymatous tissue. 

a. Fibrous tissue or bast fibers. 
6. Wood tissue or wood fibers. 

c. Tracheids. 

d. Vascular tissue or ducts. 

6. Sclerenchymatous or sclerotic tissue. 

7. Laticiferous tissue. 

8. Tissue systems. 

Review. — What is a tissue? How may two tissues differ? What 
is parenchymatous tissue? Name three places where this is found. 
Distinguish between meristematic and permanent tissue. Name two 
uses of parenchymatous tissue. Of what use are the intercellular 
spaces of leaves? Describe the parts studied in the section of root 
tip. What part of this tip will become vascular? Describe epidermal 
tissue. Collenchyma. Sieve tissue. Of what use are the sieve areas? 
What are the chief uses of prosenchyma? Describe fibrous tissue, 
wood cells or wood fibers; tracheids; ducts. What does your ex- 
periment in blowing air through a grapevine stem indicate? De- 
scribe cells of sclerotic tissue. Laticiferous tissue. Name three tissue 
systems. What are fibro -vascular bundles? What two classes of 
tissue are found in each bundle ? Of what is phloem composed ? 
Xylem. 



CHAPTER XXXIV 
STRUCTURE OF STEMS AND ROOTS 

420. There are two maia types of stem structure found 
among flowering plants, which have their diflEereucee 
based upon the arrangement of the fibro-vascnlar bundles. 
These types are endogenous and exogenous. 

421. EHDOGENOCS STEMS.— Plants with this form of 
stem are the monocotyledons. The vascular bundles are 
irregularly scattered through the fundamental tissue ot the 
stem {Fig. 399), and are not arranged in circles about a 
common center. The bundles are not parallel with each 
other and are not of the same size throughout their length. 
Fig. 400 shows the direction oftea taken by the bundles 
in the stem. On the exterior there is either an epidermis 
or a false rind. The only trees which have this kind of 
stem are natives of the tropics or of warm countries. The 

palm is one of them, and 
these stems are sometimes 
called the palm type. In 
our own climate we find 
many examples, such as 
greeobrier, Indian corn, 
asparagus, grasses, or- 
chids, iris, and cat-tail. 
To study arrangement of 
.^ ^ , — ,L . • bundles in com: Cut thin 

38D. Crou-Bectlon ot corn-stalk, Bhovinc 

the KHtteredfibm-vaMular bundles. SeCtlOnS of a Small COrn 

siuhtiyenisrpHi. gj^^ -which has bccu pre- 

served in alcohol. Stain with hematoxylin. Examine 
with the low power, and make a sketch showing the 

[259) 
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arran^ment of the bundles. The sections, if 
mounted id a permanent way, as in balsam, 
may be kept for further study of the bun- 
dles. Compare with Fig. 401, 

422. EXOGENOUS STEMS.— The fibro-vas- 
calar bandies in exogenous (or dicotyledon- 
ous) stems are arranged in a circle around 
the center, which is usually filled with pith. 
Outside the ring of bundles is a cortex of 
fundamental tissue. Around this is either a 
layer of cork or an epidermis. Layers of 
parenchyma cells, called medullary rays, are 
found between the bundles and often extend- ^oi^thT™ ™ 
ing from the central pith to the outer cor- ^a^^^^!^ 
tex. These »w''*™»- 
usually are prominent in 
young stems of woody 
plants and in vines. Fig. 
404. All trees and 
nearly all other woody 
plants of the temperate 
regions, as well as many 
herbaceous plants, show 
this plan of stem. The 
medullary rays are very 
prominent in oak wood. 
These rays are Ugnifled 
in the xylem part of the 
bundle and non-liguifled 
in the phloem pai-t. To 

4U1. Plbro-vsiciilarbuinlleaof Indian ram, much Study arrangement of 

OT'™trj'VMwiTi^!"t^""wijirf ™»i" bundles in exogens: Pre- 

6b"^^a^le"«<^^di'^\beb^i!Aie^n. psre thin cross -sections 

E^"1™™ul""c"™m^nton%cirrV'inM.^ of the stcms of mcni- 

^]™i'?Siit; '^wo^'^o^St^^ "' spermum (moonseed) , 
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one year old. Stain with hematoxylin. Make a permanent 
mount. Study with low power, and make a sketch show- 
ing the shape and location of the flbro-vascular bundles. 
Fig. 402. Save the mount (or further study. If meni- 
sperninm sLems are not easily ob- 
tained, ivy (Hedera helix) or clem- 
atis may be substituted. 

423. OTHER STiais.— Besides the 
two types of stems studied above, 
which are prevalent among pheno- 
gams, there are other structures of 
st#ms found among the cryptogams. 
A common arrangement of the bun- 
dles is in the form of a circle some 
distance from the center, with a few 
other bundles within the circle. 

,,,.;,. ,1 - , 1 ,- 402. AmniemeDl of tissues In 

Within the circle also are sometimes 3 j«r-oiii sum of tnoonaeed. 
found large areas of fibrous tissue. anJ"''^ ep'd^ii "Th^tibro^ 
Pig. 403. There are, however, wide vsacnUr bundles ■« ven 
variations from this arrangement, 

but this mode of arrangement is often called the fern 
type, of stem. 

424. THEEE TYPES OF BUMBLES.— It has already been 
said (418) that every flbro-vascular bundle is made up of 
two parts: (1) phloem or soft bast; (2) xylem or wood. 
The relative position of these two strands of tissue is very 
important. There are three plans of arrangement, on 
which three types of bundles are based. These plans 
are collateral, concentric, and radial. 

425. In collateral bundles, the phloem and xylem are 
placed side 1^ side, the xylem being nearer the center 
of the stem and the phloem outside or nearer the cir- 
cumference of the stem. We find this plan in the st€rns of 
phenogams. The collateral bundles may be either open or 
closed. Open bundles are those which continue to increase 
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in size during life by the presence of a growing layer at 
the line of union of the phloem and sylem. This layer 
of growing cells is called cambium. Dicotyledonous stems 
have open collateral bundles. Fig, 402. Closed bundles 
are those which cease growing very early and have no 
cambium or growing layer. They are called closed, per- 
haps from the fact that there is no means by which they 
may become larger. Stems of monocotyledons have 
bundles of the closed collateral type. Examine with high 



vsHulnr bundles. The two long dark slrsndB ore camposed of Bbrons tlsBne. 

power cross -sections of menispermum stems and corn 
stems (see Figs. 401, 402, 404), which have been stained 
with hematoxylin. Study the tissues found in a single 
bundle of each, with the aid of the illustrations. 

42C. In concentric bundles, the xylem is ccDtrally 
placed in the bundle and the phloem is all around it, 
as iu club mosses and ferns (Fig. 403); or the phloem is 
in the center of the bundle and the xylem surrounds it, 
as in the underground stems of some monocotyledons, as 
asparagus. Figs. 405, 40G. To see concentric buttdles; 
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Prepare cross -sections of the stem of pteris or aspidium. 

They ehouM be cut very thin and stained with hema- 
toxylin. Make a sketch showing 
the arrangement of bundles. Then 
with the highest power study a 
single bnndle and the sheath sur- 
ronnding it. Draw. 

427. Radial bundles are charac- 
terized by having several strands 
of xylem tissue radiating from 
near the center, and ea^h strand 
is separated from the next by a 
mass of phloem. This plan is 
typical of young roots and root- 
lets, in which there is but one 

eiiUr tinndJe or nioonssed Mic« bundle. 

('"^mshld^Uo™^'^'''™"" *^^' SECOHDAHY TmCKEHIMG OF 

btim: d.iiylomdiiet8ji,iylem STEMS. — DlcotyicdonOUS (OF CXO- 

e'to"''f8"hMtoiii)'""'"'iern"" gcnous) stems with opeu collateral 
end o( first yMr'a' Krowth; i buudlcs may incrcase in diameter 

end of second year a growth of • 

WO"*- each year. If they are perennial 

they may add a ring of growth each spring (Fig. 407). 
These rings may be 
counted on the smooth 
cross-cut surface of a 
tree, and the exact age 
of the tree usually can 
be very closely deter- , 
mined. All growth in 
thickness due to the 
formation of new cells 
outside of the primary 
wood is called second- 
ary thickening. 

je\t^ , 1 405. Fart of orois-iectlon of Toot-Btocbof AAPAT- 

iZy. As we nave beue, BhowingHtewflbra-TABcnlatbQndLes. 
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seen (425) , there is a cambium or growing layer in every 
open collateral bundle just between the xylem and phloem . 
Each spring the cells of this layer divide many times and 
form new cells both inside and outside the cambium ring. 
Those formed inside become thick walled and are xylem. 
Those formed to the outside of the ring are gradually 
changed into phloem. The crowding of the cells within 
the cambium ring causes the ring itself to enlarge its 



circumference and move outward by this growth. To 
study secondary thickening: Cnt thin cross-sections of 
basswood stems of different ages {one to three years old). 
Stain and mount. Examine with low power and sketch 
the arrangement of bundles in the oldest and youngest. 
Note the effect of growth on the medullary rays. Test 
them with iodine for starch. Now with the high power 
study the peculiar character of the bast tissue. Note the 
abundance of fibrous tissue found oU through it. Draw 
a single bundle from the stem one year old, carefully 



showing the location of the cambium and the different 
tissues found in the xj-lera and phloem strands (Fig. 408), 
It may be thought best to precede this experiment with a 
similar study of two-year-old stem of moonseed, ivy or 
other vines. 

430. BAKE. — In most woody plants that part of the 
stem which is outside the cambium ring is called bark. 



Wl. White pine stem 5 jesn old. The outenuoet layer la bnrlc. 

At first it contains the epidermis or outer layer of cells, 
the phloem and the cortex lying between the epidermis and 
the phloem. The gradual growth of the stem causes the 
outer dead layers of bark to crack more or less irregularly 
and finally to split off. Examples of this can be seen on 
the trunks of any large trees. Before the tree is many 
years old the cortical cells of the bark become much 
crushed and are lost to view. The epidermis is shed 
rather early in the life of the tree. 
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431. Usually very early in the life of the stem a corky 
layer of bark is produced. This is the product of an active 
layer of cells called phellogen. This layer is first found 
at those places 
where the stoma tes 
f or breathing pores 
were located. The 
epidermis is first 
crowded off at these 
places, and the 
rough corky spots 
are called lenticels. 
Phellogen is very 
active in the eork 
oak of Spain, but 
we find it iu nearly 
all woody plants. 
i- Iu such plants as 

yaeen. ^uttonWOOd (syCa- 

more), in which the bark peels off in thin, flat layers, 
the phellogen layer is nearly nniformly active in all 
parts, while in many other cases there is very little nnifor- 
mity. In wahoo {burning bush) it is in four bands, giving 
rise to four corner wings. In the section of menispermum 
already studied, it is found only under the lenticel spots 
where the stomates have been located. 
Fig. 409 shows structure of the outer 
bark as found in the whole circum- 
ference of the three -year -old stem 
of red currant. To study phellogen *o». cross-aection of ted ear- 
arid corky tissue: Cut thin cross- rcoriytfeaMiVDheiiogen; 
sections of red currant from ^■P'^^iu'mBocw.rtei. 
stems two or three years old which have been kept iu 
alcohol at least several hours. The sections should be 
stained. With the highest power make a careful study of 



lisped crowthB at pUoei 
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the pbellogeD and the corky tissue ontside of it. Draw. 
The relation of bark to woody tissue in pine is shown in 
Fig. 410, Cork tissue may be studied to advantage in 
the skin of the potato. 

432. STBUCTURE OF ROOTS.— At the growing point 
the root has a cap (of small compact cells) which 
protects the delicate tissues from injury (Fig. 3i)5). 
Such a protection is not found in growing points (buds) 
of stems. In their internal structure roofs differ from 



410. White pine stem in rndisl longiludinal Bection. 

TraeheidB on the left wllli roedullnry raja rroBsing thetn. Kext to the wood 

is tli« phloem, then tnndanieiital tissne, then the dark hsrk. 

stems, especially when very young. Young roots have 
the radial type of bundles, and there is then usually 
only one bundle in the root. The number of strands 
of xylem radiating from the center differs with the 
plant. In roots also there is almost uniformly present 
a true endodermia. This layer is found just within the 
cortex and is composed of rather thick-walled cells. How- 
ever, many rhizomes and steins have a true endodermis. 
To study com roots: From the roots of Indian corn a few 
weeks old cut thin cross-sections; stain and mount. With 
the aid of the low power make a sketch showing the 
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arrangement of the strands of wood and bast, and also 
the amount of fundamental tissue. Use the highest power 
and draw a portion including one strand of wood and two 
of bast. In this portion draw the tissues from the center 
out beyond the endodermis. Sections may also be made 
of the roots of germinating pumpkins or squashes. 

Beview. — Name two types ot stems touDd among flowering 
plants. Describe each and give examples to illustrate them. Give 
the plan ot arrangement of bundles in fern stems. How manf types 
of bundles are thereT Upon what do their differences depend f 
Describe and g-ive R^iamples of collateral bundles. What difference 
is there between open and closed collateral bundlest Give examples 
of each. Describe and give examples of eonoentrio bundles. Radial 
bundles. What is secondary thickeningt What plants show itT 
What is the layer called which forms the new cells in a bundleT 
When is this layer most activef Describe the work of this layer. 
What part of each bundle of a dicotyledon is found in the barkt 
What are lentieelst What is phellogent Describe the work of phel- 
togen in any plant you have studied. Where is the root capt 
What is its uaef Describe fully the strueture of roots, telling how 
they differ from stems. 

Note to Paraoraph 422. — In woody stems the compression is 
Buch that the student is usually puzzled to understand the bundle 
strueture. The subject will be simplified if he compares (on nross- 
seetioa), the bundles in such a plant as the cucumber with that 
part of the vascular ring which Ilea between any two medullary 
rays in one-year old stems of peach, elm, oak, etc. 



CHAPTER XXXV 
STRUCTURE OF LEAVES 

433. Besides the framework or system of veins fouod 
in blades of all leaves, there is a soft tissue (408J called 
tncsophyll or leaf-parenchyma, and an epidermis which 
covers the entire outside part. 

434. MESOPHYIX.— The mesophyll is not all alike or 
homogeneous. The upper layer of it is composed of 
elongated cells placed perpendicular to the surface of the 
leaf. These are called palisade cells. The chlorophyll 
grains are most abundant in them, because they are on the 
side of the leaf most directly exposed to the sunlight. 
Below the palisade cells is the spongy parenchyma com- 
posed of cells more or less spherical in shape, irregularly 
arranged, and provided with many intercellular air cavi- 
ties. Fig. 411 ; also Fig. 115. In leaves of some plants 
exposed to strong light there may be more than one layer 
of palisade cells, as in 

the India-rubber plant " 

and oleander. Ivy when ^ 

grown in bright light 

will develop two such 

layers of cells, but in i 

shaded places it may be „, c™»-«ectio= of ivy i™*, whi=h ««» .- 

found as in Fig. 411, shsde sua hsa only one layer ot paliaad* 

. . pells. u.upperBDldenDlSiP.pallaBdecellB: 

Such plants as iris and f, ^orrBlnl; .p, aponw pa»nehyma ; t.ln- 

, ^ , . , tewellnUrariMe: l.fcwerepWennU. The 

compass plant, Wnicn pUnt hen intended lithe tnieor English 

have both surfaces of '^- »*^" "'""■ 

the leaf equally exposed to sunlight, usually have a palisade . 

layer beneath each epidermis. 
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435. BPIDBBins. — The ontsr orepidennai cells of leaves 
do not bear chlorophyll, but are usually so transparent that 
the green mesophyll can be seen through them. They 
often become very thick-walled, and are in most plants 
devoid of all protoplasm except a thin layer lining the 
walls, the cavities being filled with cell-sap. This sap is 
sometimes colored, as in the under surface of begonia 
leaves. It is not common to find more than one layer of 
epidermal cells on each surface of a leaf. The epidermis 
serves to retain moisture in the leaf. In desert plants 
the epidermis as a rule is very thick and has a dense 
cuticle. 

436. There are various outgrov^ths of the epidermis. 
Hairs are the chief of these. They may be (1) simple, as 

on primula, geranium, 
ufegelia; (2) once 
branched, as on wall- 
flower ; (3) com- 
pound, as on verba s- 
cum or mullein; (4) 
disk-like, as on shep- 
herdia(Fig.412); (5) 
stellate, or star- 
shaped, as in certaiu 
erucifyrs. In some 
cases the hairs are 
glandular, as in Pri- 
mula Sinensis and 
,. „, , certain hairs of pump- 

«S, Dlsk-Uke or radial hnirs of shepherdia. , . „ ^ , 

km flowers. To study 
epidermal hairs: For this study nse the leaves of the 
plants mentioned above or others which may be substi- 
tuted. Cross -sections may be made so as to bring hairs 
on the edge of the sections. Or In some cases the hairs 
may be peeled or scraped from the epidermis and placed 
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in water on a elide. Make sketches of the different kinds 
of hairs. 

437. STOHATBS. — Stomates or breathing-pores are 
small openings or pores in the epidermis 
of leaves and soft stems to allow the 
passage of air and other gases and vapors. 
They are placed near the large intercel- 
lular spaces of the mesophyll. Fig. 413 
shows the nsnal structure. There are two fsni"" i««(,iiiow- 
guard cells at the mouth of each stomate, 

which may in most cases open 
or close the passage as the coudi- 
tions of the atmosphere may re- 
quire. In Fig. 414 is shown a 
y case in which there are compound 
guard cells, that of ivy. On the 
414. siomate ot iiy. ahowinB marpins of Certain leaves, as of 

compound gnsnl calls. » , . 

fuchsia, impatiens, cabbage, are 
modified stomates known as water-pores. 

438. Stomates are very numerous, as will be seen from 
the numbers giving the pores to each square inch of leaf 
surface : 

Lovei sorfftce. Upper surface. 

Peony 13,790 None 

Holly 63,600 

Lilao 160,000 " 

Mistletoe 200 200 

Trsdescaiitia 2,000 2,000 

Garden Flag 11,572 11,572 

The arrangement of stomates on the leaf differs with 
each kind of plant. Figs. 415 and 416 show stomates on 
two plants, and also the outlines of contiguous epidermal 
cells. The guard cells contain chlorophyll. 

439. FALL OF THE ISAF. — In most common deciduous 
plants, when the season's work for the leaf is ended, the 
nutritious matter is withdrawn into the stem, and a layer 
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of eorky cells is completed over the surface of the 
stem where the leaf is attached. The leaf soon falls. It 
often falls even before killed by frost. Deciduous leaves 
begin to show the surface line of articulation in the early 
growing season. This articulation may be observed at 
any time during the summer. The area of the twig once 
covered by the petioles is called the leaf-scar after the leaf 
has fallen. Pigs. 53, 83, 86 show a number of leaf-sears. 




Fig. 417 shows the leaf-scar iu the form of a ring sur- 
rounding the bud, for in the plane ti-ee the bud is covered 
by the hollowed end of the petiole; sumac is a similar 
case. Examine with a hand-lens leaf-scars of several 
woody plants. Note the number of bundle-scars in each 
leaf-scar. Sections may be cut through a leaf-scar and 
examined with the microscope. Note the character of cells 
which cover the leaf-scar surface. Compare 204. 

Review.— Name three tisaueB found in leavea. On the boarJ 
draw a sketch showing the structure of a leaf as seen in cross -section. 
What cells of leaves bear protoplasm and chlorophyllf Why do 
some leaves have palisade cells near both surfacesf Desoribe 
epidermal cells. Why are tbeir walls much more thickened in 
some plants than othersl What is the purpose of epidermis? What 
are stamstesT Draw oa the board a section through a stomate 
showing epidermis and mesophyll. What is the work of guard cellsT 
Give some idea of nnmber of stomates in various plants. Name five 
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types of epidermal hairs. Wbat use could be suggested for the 
dense coat of hairs on leaves of ehepberdiat Fig. 412. 

Note. — To sliidy leaf tissues : A number of leaves can be com- 
pared bj making free-hand cross -sections of leaves held betweeit 
two pieces of pith or cork, and mounting tbe material in water. 
Study such leaves as ivy (Hedcra 
helix), begonia, cycas, geranium, 
and com. Note the number of 
layers of palisade cells, tbe spongy 
parenchyma, the epidermal lay- 
era. WhiohcellBbear cWorophylll 
Write a brief description of the ' 
tissues of each leaf and make a ' 
drawing of the geranium. 

To stttdy atomales in crc 
leetion .- In the cross -sect ions of ' 
leaves of geranium, com, ivy, lily, 
or apider-lilj prepared for the above eiperiment, look for the atomates 
and make a carefnl drawing from the one you can see beat. 

Study of stamales in surfaee view .- From the under surface of 
leaves of geranium and impatiens peel bits of epidermis by tearing 
tbe leaf. Mount these in water and examine under low power. Are 
the stomates scattered or in grcupsT With aid of a higher power 
draw a few stomates showing their guard cells and the surrounding 
epidermal cells. Malie a similar study and sketi^h of the epidermis 
torn from the under surface of a Begonia sanguinea leaf. 

Breathing- pores are known as slomata, singular utonia; also as 
ttomateK, singular glomalr. 
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PABT IV 

THE KINDS OF PLANTS 

NUMBER OF PLANTS.— Above 125,000 distinct kinds or 
species of seed -bearing plants are known and described. 
Probably little more than one -half of the total number now 
existing on the earth are known. Even in the older coun- 
tries and regions, seed -bearing plants heretofore unknown 
to science are discovered now and then. Outlying regions 
are relatively little known botanically. The larger part 
of Africa, South America, Central America, China, Cen- 
tral Asia, and the tropical islands are only imperfectly 
explored for plants. Cryptogamous plants are far more 
numerous in kinds than seed -plants, and many kinds — as, 
for example, various bacteria — are almost infinite in 
numbers of individuals. In the lower ranges of cryptog- 
amous plants, as in fungi and bacteria, many new kinds 
are constantly being described even in countries in which 
they have been most carefully studied. 

SPECIES. — Each kind of plant is called a species. 
There is no absolute mark or characteristic of a species. 
Between many kinds there are intermediate forms, and 
some kinds vary immensely under different conditions. 
What one botanist considers as a distinct species, another 
botanist may regard as only a variety or form of another 
species. No two botanists agree as to the number of 
species in any region. Species are not things in them- 
selves. In practice, any kind of plant which is distinct 
enough to be recognized by a description, and which is 
fairly constant over a considerable territory, is called a 

(275) 
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species. We make species merely to enable us to talk 
and to write about plants : we must have names to call 
them by. The different kinds of plants are. the results 
of evolution. Probably none of them were created in the 
beginning as we now find them. 

NAMES OF SPECIES. — For one hundred and fifty years 
(since Linnaeus published his " Species Plantarum" in 
1753), species have been known by two names, the generic 
and the specific. The generic name is the name of the 
genus or group to which the plant belongs: it corresponds 
to a surname. The specific name belongs only to the 
particular species or kind : it corresponds to a given or 
Christian name. Both names are necessary, however, to 
designate the species. Thus Qiiercus is the generic name 
of all the oaks. Quercus alba is one of the oaks (the 
white oak), Q. virens (the live oak) another. All maples 
belong to the genus Acer, and all elders to Sambucus. 
The same specific name may be used in any genus, as the 
same Christian name may be used in any family. Thus, 
there is a Quercus nigra, Sambucus nigra, Acer nigrum, 
"niger" meaning black. 

By common consent, the oldest proper name of any 
species must stand. If a species happens to have been 
named and described twice, for example, the first name, if 
in the proper genus, must hold; the later name becomes a 
synonym. It sometimes happens that the same specific 
name has been given to different plants of the same genus. 
Of course this name can be allowed to stand for only one 
species, and the other species must receive another name. 
In order to avoid confusion of this and other kinds, it is 
customary to write the author's name with the species- 
name which he makes. Thus, if Gray describes a new 
Anemone, his name is written after the plant name: Ane- 
mone cylindrica, Gray. The author's name thus becomes 
an index to the history of the species -name. 
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Plant -names are thrown into the forms of the Latin 
language. When plants first were studied seriously, 
knowledge was preserved in Latin, and Latin names were 
used for plants. The Latin form is now a part of the 
technical system of plant and animal nomenclature, and is 
accepted in all countries; and the Latin language is as 
good as any other. As in the Latin language, all plant - 
names have gender, and the termination of the word is 
usually different in each gender. The species -name must 
agree with the genus -name in gender. Acer is neuter: so 
is A, rubrum and A, nigrum. Quercus and Samhucus are 
feminine: so are Q. nigra and S. nigra. Masculine, femi- 
nine, and neuter endings are seen in Buhus sativiis^ Pasti- 
naca saliva, Pisum sativum. "Sativus" means cultivated. 

The name of a species not only identifies the species, but 
classifies it. Thus, if a plant is named in the genus Acer, 
it belongs to the maples ; if it is named in Fragaria, it 
belongs to the strawberries; if it is named in Pyrus, it is 
allied to apples and pears; if it is Helianthus, it is one of 
the sunflowers. 

USE OF KNOWING PLANT -NAMES.— -The name is an 
introduction to the plant, as it is to a person. It is an 
index to its history and literature. It enables us to think 
and to speak about the plant with directness and pre- 
cision. It brings us nearer to the plant and increases our 
interest in it. 

The name is a means, not an end. Merely to know the 
name is of little use or satisfaction. Knowing the name 
should be only one step in knowing the plant. Of late 
years, the determining of the names of plants has been 
discouraged as a school -exercise. This is because all in- 
quiry stopped when the name was secured. A name was a 
stone wall when it should have been a gate. 

HOW TO FIND OUT THE NAMES OF PLANTS.— -There can 

be no short-cut to the names of plants, for names cannot 
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be known accurately until the plant is known. The name 
and the plant should be indissolubl}'^ associated in the 
mind. Study first the plant. If one does not know the 
plant there is no occasion for knowing its name. 

Learn first to classify plants: names will follow. Look 
for resemblances, and group the plants around some well- 
known kind. Look for sunflower- like, lily-like, rose-like, 
mint-like, mustard-like, pea-like, carrot-like plants. These 
great groups are families. The families of plants are bet- 
ter recognized by studying a few representative plants than 
by memorizing technical descriptions. Go to the botany 
and use the keys in these families, in order to run the 
plant down to its genus and species. If the family is not 
recognized, use the key to find the family. Use the keys 
at first: gradually discard them. When one looks for 
relationships, the vegetable kingdom comes to have con- 
tinuity and meaning. Merely to know names of plants 
here and there is of little use. 

It is unwise for the beginner to try first to find the name 
of any plant. Let him first examine familiar plants or those 
which seem to be related to other plants which he knows. 
Let him get in mind the bold characteristics of the families 
which are most dominant in his locality. Names are secon- 
dary and incidental. After a time, in case of each new 
plant, he should be able to give a shrewd guess as to its 
family; then he may go to the book to verify the gues^^! 

In the following flora, twenty-five well-marked families 
are chosen for stud3\ Some of them are not the mpst 
characteristic of the American vegetation, but they are 
such as afford easily accessible species, either in the wild 
or in cultivation, and which are not too diffieult for the 
beginner. The pupil should 'begin with plants of which he 
knows the common names or with which he is familiar. 
Several plants should be studied in each family, in order 
to enable him to grasp the characteristics of the family 
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and thereby to lead him to compare plant -groups and to 
clarify his perception and widen his horizon. When 
these families, or the larger part of them, are understood, 
if the pupil desire further knowledge of species, he may go 
to the regular manuals in which species are grouped or 
classified according to their natural affinities. It is well to 
study more than one plant in a genus whenever possible, 
for then close comparisons can be made. 

MAKING A COLLECTION.— The making of a collection of 
plants focuses one's attention, defines one's ideas, and 
affords material for study at any season. The collecting 
and preserving of plants should be encouraged. Not until 
one searches for himself, and collects with his own hands, 
can he know plants. . The collection should not be an end, 
however. It should be only a means of knowing plants 
as they live and grow. Too often the pupil thinks it 
sufficient merely to have made a collection, but the col- 
lection of itself is scarcely worth the while. 

Plants are preserved by drying them under pressure. 
The collection, when properly arranged and labelled, is an 
herbarium. Each species should be represented by suffi- 
cient specimens to display the stems, foliage, flowers, 
fruits. If the plant is an herb, its root should be shown. 
There should be several or many specimens of each 
species to show the different forms which it assumes. It 
is less important to have an herbarium of many species 
than to have one showing the life -phases of a few species. 
First make specimens of the common species: later one 
may include the rare ones if he choose, although an her- 
barium which selects plants merely because they are rare 
is of little account except as a collection of curioisities. 
The commonest plants are usually the least represented 
in herbaria. 

Dry the plants between blotters which are 12 inches 
wide and 18 inches long. These blotters are called 
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" driers." They may be purchased of dealers in botanical 
supplies, or they can be cut from felt "carpet paper." It 
is well to place the specimen in a folded sheet of news- 
paper, and then lay the newspaper between the driers. If 
the specimens are larg^e or snccnlent, three or four driers 
should be laid between them. The sheets may be piled 
one above another, until the pile becomes so high (12-18 
in.) that it tends to tip over. On the top place a board 
of the dimensions of the drier, and apply twenty to 
thirty pounds of stones or other weight. Change the driers 
— but not the newspapers — once a day at first, laying the 
driers in the sun for a time. In a drj', warm place, most 
plants will dry in a week or ten days. When thoroughly 
dried, they retain no soft, sappy, fresh -green areas, and 
they usually break if bent sharply. They will be per- 
fectly flat. 

The specimen may now be secured to strong white 
paper, known as "mounting paper." The regulation size 
of the sheets is llXxl6% inches. It is the quality of 
heaviest ledger paper. By the ream, it can be bought 
for one cent or less a sheet. The specimen should be large 
enough nearly or quite to cover the sheet, unless the 
entire plant is smaller than this. It may be glued down 
tight, as one pastes pictures in a scrap-book, or it may 
be held in place by strips of gummed paper. The 
former is the better way, because the plants are not so 
easily broken. Only one species should go on a sheet. 
In one corner, glue the label. This label should give the 
place and date of collecting, name of collector, and any 
information as to height, color, nature of soil, and the 
like. Sooner or later, the label should contain the name 
of the plant; but the name need not be determined until 
after the plant is mounted. 

The sheets of one genus are laid together in a folded 
sheet of strong straw-colored paper. This folded sheet is 
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the "genus cover." Its size when folded is ll%xl6% 
inches. On the lower left-hand corner the name of the 
genus is written. If one has many sheets in one genus 
— say more than 20 — it may be necessary to have more 
than one cover for them. The covers are laid in cup- 
boards flatwise, one on the other, and the sheets then 
retain their shape and are always ready for use. 

EXPLANATION OF THE FLORA.— The following flora con- 
tains 300 species of plants in 139 genera and 25 families. 
These species are selected from common and representative 
plants, in the hope that 50 to 100 of them may be secured 
by any pupil. The pupil should collect his own specimens 
as far as possible, and he should press and preserve them 
after he has studied the structure. Familiarity with 100 
plants will give the pupil a good grasp of plant forms, 
provided he does not stop with merely acquiring the names 
and pressing the specimens. He should know how the 
plants look, where they grow, how they associate with 
other plants, how long they live, and the like. 

Avoid the use of keys as much as possible: learn to 
see the plant as a whole: go directly to the family, if 
possible. But it may be necessary to use keys at first. 
In this book coordinate parts of the key are marked by 
the same letter: e.g., p, ff, fff, are three coordinate 
entries. Coordinate entries are also introduced by the 
same catch -word, as "flowers," "leaves," "fruit." Using 
a key is a process of elimination. First try the plant in 
A; if it does not belong there, go to aa. Then repeat 
the search in b, bb, etc., until the family is found. 

Synonyms are placed in parenthesis immediately fol- 
lowing the accepted name. Thus "Impatiens biflora, 
Walt. (J. fiilva, Nutt.)" means that the accepted name is 
Walter's I. biflora, but that the plant is also known by 
Nuttall's name, I. fulva. 

Proper pronunciation is suggested by the accent, which 
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indicates both the emphatic syllable and the length of the 
vowel. The grave accent C' ) indicates a long vowel; the 
acute ( ^ ) , a short vowel. Terminal vowels are pro- 
nounced in Latin words. The word officinale is pronounced 
officin-aff-lff ; aorea with an as in Laura; Virginiana Tvith 
the a as in Aajr; alba, with a as in had; acntiloba with t 
as in hill; minor with f as in mine; halimifblia with o as 
in hole; Jap6nica with & as in con; ramex with m as in 
tune; fonkia with n as ini run. 

Ke^ to the twenty -Hce families m$ represented tn the following pages 

A. CRTPTOGAMS: no flowers or seeds: propagmtinif by means of 

spores .'.* I. Filices, p. 284 

AA. PHENOGAMS: bearing flowers and seeds. 

B. Gymxospkbsis: seeds naked (not in ovaries ^ borne in cones 
or berries: no eonspieaoos flowers: Ivs. needle-shaped 

or seale-Iike: plants usaallr evergreen 11. Coni ferae, p. 28<i 

BB. Angiospbrms: seeds borne in ovaries: flowers usually showy: 
Ivs. very various, mostly deciduous, 
c. Monocotyledon*: cotyledon one: Ivs. mostly parallel-veined, 
not falling with a distinct articulation : stem with scat- 
tered fibro- vascular bundles ( endogenous ) and no separ- 
able bark: fls. mostly 3-merons. 
D. Flowers small and inconspicuous, borne on a spadix 

attended by a corrolla-like spathe 111. Aracea, p. 289 

DD. Flowers large and showy, not on spadices. 
E. Stamens 6, or rarely 4. 

F. Ovary free, or superior IV. Liliacea, p. 290 

FP. Ovary inferior V. A maryllidaee<r, p. 295 

EE. Stamens 3 VI. IridaceiTy p. 296 

cc. Dicotyledons: cotyledons 2 or more: Ivs. mostly netted- 
veined, usually falling with a distinct joint or articula- 
tion: stem with concentric layers of wood when more 
than one year old (exogenous), and a distinct separable 
bark: fls. mostly 5-merous or 4-merous. 
D. ChoripetalaB: petals distinct or wanting (i. e., flowers 
poljrpetalons, apetalous, or naked). 
B. Flowers characteristically apetalous or even naked, 
mostly small and often greenish {Apetalof). 
F. Blossoms monoeoions or ditprions, staminate and 
sometimes pistilUre in slondor catkins: froit a 
l-teededout: trees or shrubs.. VII. Cuputifera, p. 298 
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FF. Blossoms perfect and not in catkins, or sometimes 
imperfect and in short catkins, but the fruit 

not a nut : trees, shrubs, or herbs 

VIII. ITrticacecE, p. 301 
FFF. Blossoms perfect, not in catkins: fruit an akene: 

herbs IX. PolygonacecBy p. 304 

EE. Flowers characteristically polypetalous, mostly larger 

and often showy {Polypetalce). Some of the Ra- 

nunculacesB here described are apetalous, but 

there is a calyx-like involucre underneath the 

flower. 

F. Petals and stamens borne on the not-enlarged torus 

(hypogynous) : ovary superior. 

G. Leaves opposite at swollen nodes, very narrow, 

often grass-like X. Caryophyllaceaiy p. 306 

GO. Leaves alternate or opposite, mostly broad, not 
grass-like, the nodes usually not conspicu- 
ously swollen. 
H. Carpels solitary or distinct (i. e., ovary sim- 
ple) XI. JianunculacecBf p- 308 

HH. Carpels variously united (ovary compound). 

I. Stamens 6: fruit a silique or silicle 

Xll. Cruciferce, p. 310 

II. Stamens numerous : fruit various 

XIII. MalvacecB, p. 312 
FF. Petals and stamens borne on a disk or rim sur- 
rounding the pistil ; ovary superior. 

G. Herbs XIV. Oeraniacea>j p. 313 

GG. Trees or shrubs XV. Sapindacece, p. 315 

FFF. Petals and stamens borne on the calyx or on a hol- 
low calyx-like torus. 
G. Ovary superior, except in the pear tribe (RosacesB) 

H. Fruit a legume XVI. Leguminosce, p. 316 

HH. Fruit not a legume: stamens 20 or more 

XVII. Rosacece, p. 319 
GG. Ovary distinctly inferior. 

H. Flowers corymbose or paniculate, showy 

XVIII. Saxifragacece, p. 323 
HH. Flowers in umbels, small.. XIX. UmhelliferoBy p. 325 
DD. GamopetalsB: corolla in one piece, at least towards the 
base (as if petals were more or less united). 
E. Ovary superior. 

F. Fruit of 4 nutlets, produced from a 4-lobed ovary... 

XX. Labiat(B, p. 326 
FF. Fruit not a nutlet.usually capsular (sometimes a berry) . 
o. Corolla regular. 
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H. Plant twining: corolla twisted in bud 

XXI. ConvolvHlaeece y p. 328 

HH. Plant not twining: corolla plaited or folded in 

the bud XXII, Solanaceae, p. 329 

GO. Corolla irregular (nearly regular in verbascum). 

XXIII. Serophulariacece, p. 331 
EE. Ovary inferior. 

F. Anthers distinct : fls. not in heads 

XXIV. Caprifoliacece, p. 333 

FF. Anthers syngenesious : fls. in dense heads 

XXV. Compo8itcB, p. 334 



A. CRYPTOGAMS. 

I. FILICES. Ferns. 

Herbaceous and leafy plants, ours without stems or trunks 
above ground, but producing perennial rootstocks : plants flowerless 
and seedless, but bearing spores in sporangia, the latter collected 
into sori which are usually borne on the under side or margins of 
the fronds and which are sometimes covered with an indusium. — 
Most abundant in warm countries, of about 4000 species, of which 
about 165 are native to the United States. The leaflets of fem- 
fronds are pinncB ; the secondary leaflets are pinnules. 

A. Fruit borne in contracted panicles or on specially con- 
tracted parts of the frond, these parts being devoid 
of resemblance to green leaves. 
B. Sporangia large and globose, without a ring of special 

cells running around their margin 1. Osmunda 

BB. Sporangia with a ring of prominent elastic cells run- 
ning around the margin, and which are concerned 

in the dehiscence (as in Fig. 307) 2. Onoclea 

A A. Fruit borne on the back of green fronds (the fruiting 
pinnsB sometimes narrowed but still leaf -like, as in 
Fig. 305) : sporangia with a ring of elastic cells. 

B. Sori naked (no indusium) 3. Polypodium 

BB. Sori borne under the reflexed margins of the frond, 
c. PinnsB entire on the lower edge, somewhat trian- 
gular in outline 4. Adiantum 

cc. PinnsB toothed on both margins, oblong in outline... 5. Pteris 
BBB. Sori covered with a distinct scale-like indusium. 

c. Shape of sori oblong 6. Asplenium 

CO. Shape circular, Indusium peltate or nearly so 7. Dryopteris 
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418. 



Osmnnda Clay- 
toniana. 




419. Osmunda cinnamomea. 
much like 



1. OBMt^NDA. Flowering Fern. 

Strong ferns from stout creeping rootstocks, with large pinnate fronds : 
sporangia covered with interwoven ridges, but wanting the elastic ring of 
most ferns. Inhabitants of bogs and wet woods. 

0. reg&lis, Linn. Royal fern. Top of the frond contracted into a 
fruiting panicle : frond 2-pinnate, the pinnie oblong, obtuse, and nearly entire. 

0. Glaytoni&na, Linn. 
Fig. 418. Two to four pairs 
of pinnaB near the middle of 
the frond contracted into 
fruit-bearing parts : pinnsB 
linear-lanceolote and acute, 
deeply lobed. 

0. climamdmea, Linn. 
Cinnamon fern. Fig. 419. 
Some fronds entirely con- 
tracted into fruiting parts, 
and these cinnamon color 
(whence the vernacular name): sterile form with the fronds 
those of O. Calytoniana in shape except more acute at top. 

2. 0N0CL£:A. Sensitive Fern. 

Mostly rather strong ferns, with broad sterile fronds and with the fer- 
tile fronds rolled into hard contracted fruiting bodies, which remain after 
the sterile leafy fronds have perished : sporangia with an elastic marginal 
ring of cells. Bogs and old springy fields. 

0. senBihilis, Linn. Sensitive fern. Brake, Fig. 310. Sterile frond 
triangular-ovate, the pinnce not extending quite to the midrib and toothed : 
fertile frond usually lower than the other (1-2 ft. high), with a few pinnaB. 
Common in old pastures. 

0. 8tratM6pteri8, Hoflfm. Ostrich fern. Very tall (2-5 ft.), the sterile 
fronds narrow, once-pinnate, with long-lanceolate acute lobed pinnsB: fer- 
tile fronds much shorter, blackish, with many pinnaa. 

3. POLYPODIUM. Polypody. 

Small ferns, with simple or once-pinnate fronds from slender creeping 
rootstocks : sori round, borne at the ends of little veins. On dry cliffs.. 

P. Yulg&re, Linn. Common polypody or polypode. Figs. 306, 307. 
Fronds a foot or less tall, narrow-oblong in outline, pinnatifid, the lobes 
nearly or quite entire: fertile pinnaB not contracted. 

4. ADIANTUM. Maidenhair Fern. Fig. 309. 

Small ferns with compound forking fronds and wedge-shaped or some- 
what triangular pinnaB, shining stipes or petioles, and sori borne at the 
ends of the veins under the reflexed margins of the pinnae. 

A. ped&tum, Linn. Common maidenhair. Plant 2 ft. or less high, 
the leaves forking into several or many long pinnaB which bear broad pin- 
nules notched on the upper margin. Cool, shady woods. Very graceful. 
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G. PTtKIB. Bbakb. 

Coarse (eniK of moatls: diylsh places, with long plnnn; Bporangin borne 
beneatb tbe renexeil margin of tbe pinnuleH, on email, truiaTerse veins. 

P. kqulUna, IJnn. Common brake. Figs. 135, SOS. FraniU broadlr 
Iriangular, twice- of thrice-pinaale, Ihe pinnules lone-lanceolate, Bcuniroatt, 
ami lobed. Common in sunny places; perhaps oor commonest fern. Two 
to 3 (t. high, growing In patches, particularly in burned areas. 

e. ASPLtNIDII. Spif ENWORT. 

Middle-siied ferns, mostly with pinnate leaves: aorl oblong or linear, 
bome on the upper side of a veinlet, or back to back on opposite sides ot 
the veinlet, these veintela not in1«rwoven. 

A. FUil-liZiIliiUl, Linn. Lady-ttm. Large, tbe fronds 3-3 ft. tall, 
growing many together, twice -pinnate, tlie piDnulea oblong-pointed and 
sharp-toothed: sori abort and close together, at maturity becoming more 
or Ies8 continuous. A very common fern Id moist woods and copses. 
7. DBT6PTEBIS. Shield-fern. 

Much like tbe last in general appearance, but the sorl circnlar and 
covered with peltate or reniforra indusia. 

D, BBTOiticholdei, Kuntze- {Aipidinm aeroitichoidei , Swart£|. 
ChrUlmaa fern. Figs. 304. .105. Fronds 2 ft. or less latt. narrow, once- 
pinnate, tbe plnnie serrate and bearing a larger tooth on the upper side 
near the buse, the terminal part of the frond 
somewhat contracted in fruit. 'Common in 
. woods. Nearly or quite evergreen. 

D. Thslfptaril, Gray. (Aapidiiim TTie- 
(tfp(ms, Swarti). Marsh shield-ttm. Fronds 
standing 2 ft. high, long-pointed, once-pin- 
nate, the pinns mauj-iobed, the margins of 
the feiiile fronds re volute. 
.. D. mATginiUB, Gray. Fig. 430. Large, 

handsome fern growing In woods and raTlnea, 
2 ft. high: fronds once-pinnate, Ibe pinnie pinnatlfied and lance -acuminate; 
sori large and close to the margin of Ihe frond: petiole chaffy. 



iA. PHENOGAMS: GYNOSPEBMS. 

II. CONIFERS. CoNE-BEARiNQ Or Pine FAMitr, 

Woody plants, mostly trees, with resinous sap and stiff needle- 
shaped or acale-liko, mostly evergreen leaves: plants bearing no 
ovaries, the ovules lying naked and receiving the pollen directly ; 
flowers diclinous (usually monoscious), generally in scaly catkins, 
those catkins bearing the pistillale flowers maturing into cones but 
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sometimes becoming beny-like (as in junipers). Above 300 specieB, 
one-tbird of wbieb. inhabit North America: partioularly abandant in 
elevated aod mountainous regions. 

A. Cone dry, with overlapplLg Bcoles. 

c. Leaves long and needle-like, in shsathB or bundles of 

2 to 5, persistent I. Pinui 

cc. Leaves short, scHttered, persistent. 

D. In cross -section, Ivs. 1-sided : sessile 2. Picea 

DD. In cross-section, Ivs. flat; ahort-petioled 3. Tivga 

ccc. Ijeaves short but very slender, in clusters, deciduous. 4. Larix 

BB. Scales few (3-12), the cones about !^ In. long 5. Thuja 

A A. Cone madifled into a fleshy, berry-like body \ .%. Jurtiperut 

1. PtHDB. Pine. 

Trees witb long, persistent, needle-shaped, angled leaves. In bundles of 
2 to 5, and with scale-like declduauslenves on the young branchlets: iterlle 
catkins nsaally borne at the base of the 
new shoot : fertile cones mataring the 
second year, often hanging on the tree 
for years: cotyledons several. 

P. 8tr4buB, Linn. White pine. Pigs. 
14S, 2T2. Large forest tree, much used 
for lumber : leaves long and soft, light 
green, in S's; cooes long and symmetri- ' 
cal, with thin-edged scales, lennlnal on 
tlie shoots and falling after shedding the 
seeds. Grows as far south as Georgia. 

P. palttltris, Mill. Long-Jeaved pinr. 
Very tall tree, with nearly smooth bark: 

leaves very long and slcEder (usually a *'"^- ^"'^ '^^■ 

toot or more), clnstered at the ends of ^''* ""*" """^ " ""' '*'*■ 

tbe branches, in 3' s: cones C Id. or more long, the scales tipped with a, short 
curved spine. Lumber tree. Virginia, south. 
P. ilgida, Milt. Pitch pint. Fig. 421. 
Medium sized or small tree with rongh dark 
bark : leaves short and stiff, usually II 3's ; 
cone 2-3 in, long, conical, the scales witb a 
'short spine. Qrows as far soath as Va. ; 
common in pine barrens of the north Atlantic 
coast. An eastern species. 

P. lylv^itrii, Linn. Scolcli pine. Fig. 422. 

Medium-sized tree, with glaucous -green leaves 

In 2's : cone short, the scales lipped with a 

prickle or point, ^urope; very commonly 

122, Plnns BTlvBBtrii. planted. 



423. Buns AuslriBca, 
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F. AnitrUe*, BiSss. AvtMan pine. Fig. 423. Large tree with very 
ugh bark, mndlong, durk greeu atiff leaTes (ibout 6 In. Iouk) Id 2'h ; cone 
•oat 3 la. loag, tbe Bcslea Dot prickly. Europe, commonly plaoted ; k 
co&rger tree tban the Scotch pine. 
2. ?1<]EA. Sfrdce. 

Trees of medium or large size, with abort, scat- 
tered lenres : cones maturing tbe first year, hanglog at 
maturity, tbeir scales thia. 

P. esoilM, Link. Norway spruet. PIga. 270, 271. 
Becoaiing a tall tree: cones 5-7 in. long, the lar^e 
scales very thin-edged. Eur., but the commoneat of 
planted evergreene. Until 25 to 40 years old, the trees 
are Byrametricol cone-sbaped specimens, holding their 
lower branches, 

P. nlgn, Link. Black tpruct. Fig. 424, Becom- 
ing a middle-sized tree, with dull, dark foliage : cones I>^ In. or less long, 
nausJly banging for several years, the edges of tbe scales often Irregular. 
Cold woods, as far south as North Carolina In tbe monntaiBS. 

3. TStlQA. HoHiyOCK Bprdce. 

Differs from Picea in having flat 
3-ruiked petioled leaves : cones hang* 
OD the end of laat year's branches. 

T. OanadtuU, Carr. Bemlock. *^- ^"^ '^^■ 

Fig. 425. Large forest tree, with deep-furrowed, dark bark and cOB,rse 
wood: leaves whitish beneath ; cones not an Inch long, compact. Common 
lumber tree. Bark much used In taaning. 

4. LAEIZ. Larch. 

Trees of medium size : leaves soft, short, In fascicles or clusters on 
short branchlets, falling Id autumn: cones much like those of Picea, but 
standing erect at maturity. 

L. deoldna. Mill. (L. Buropaa, 

DC). Jt'uropeun larch. Leaves 1 

in. long : cones of many scales, 

about I in. long. Planted for om»- 

, ment and timber. 

L. Amsilcftiui, Miohi, Tama- 
rack. Haekmataek. Leaves shorter 
and psie In color : cones of few 
135. T.usH canadensis. ^^^,^^^ ^ ^^ ^^ ,^^^ ,^^^ Swamps. 

5. TEtriA. ArbOB-vitx. 

Trees, becoming large: leaves opposite, closely appressed to the branch- 
lets, the latter frond-like: cones small, oblong or globular, of few scales. 
Leaves awl-like on new growths and scaie-like on the older growths. 

T. OooldentUi*, Linn. Arbor-vilt. White cedar of some places. Pig. 




CONIFERS — ARACE^ 289 

426. Cones X ^^' or less long, bearing 2-winged seeds. Swamps and cold 
woods, as far south as North Carolina in the mountains. Very commonly- 
planted as a hedge evergreen and as single specimens, but in the wild be- 
coming very large trees and much used 
for telegraph poles. 

6. JUNtPEBUS. Juniper. 

Small trees or shrubs, with opposite 

or whorled awl-like leaves (often of two 

kinds) : fertile catkin of 3-6 fleshy scales 

which cohere and form a berry-like fruit 

containing 1-3 hard seeds. ._^ _,, . .^ * ,. 

, V . .^ . ^ . . 428. Thuja occidentalis. 

J. commuxuB, Lmn. Common jumper. 

Shrub, erect or usually spreading and lying close to the ground, with leaves 

in whorls of 3 and all alike (awl-like): berries large and smooth. Banks 

and sterile ground. 

J. Virgini&na, Linn. Hed cedar. Savin. Small tree or large shrub, 

usually narrow pyramidal in growth, with leaves of two kinds (scale-like 

and awl-like, the former small and lying close to the branch) : berry glaucous : 

heart-wood red and highly scented. Common on banks and in old fields. 



B. PHENOGAMS: ANGIOSPERMS: -MONO-COTYLEDONS. 

III. ARACE^. Arum Family. 

Perennial herbs, with rhizomes or corm-like tubers and acrid 
juice : flowers minute, often diclinous and naked, borne on a spadix 
and surrounded or attended by a spathe: fruit usually a berry, the 
entire spadix usually enlarging and bearing the coherent berries in a 
large head or spike. Many tropical plants, and some of temperate 
regions, many of them odd and grotesque. Genera about 100; species 
about 1000. Representative plants are skunk cabbage, jack-in-the- 
pulpit, calla, caladium, anthurium. Leaves often netted -veined. 

A. Leaves compound 1. Ariscema 

AA. Leaves simple. 

B. Spathe hooded or roofed at the top 2. Symplocarpus 

BB. Spathe open or spreading at the top 3. Richardia 

EBB. Spathe open and spreading for its whole length 4. CaUa 

1. ABISJ^MA. Indian Turnip. Jack-in-the-Pulpit. 

Stem arising from a corm-like tuber, and bearing 1 or 2 compound 
leaves with sheathing petioles: flowers naked and diclinous, the pistillate 
at the base of the spadiz and the staminate above them, the top of the 
spadix not flower-bearing: staminate flowers of a few sessile anthers, and 

S 
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the pistillate with 1 Beesile ovary wblch ripens Into & red few-seeded 
berry. Plaota o( spring or early summer, in rich wcMHla. Tuber very 
pungent, often used in domestic medicine. 

A. triptlfUnill, Torr. Jaek-in.Oie-Pulpit. Common Indian Turnip. 
Fig. 226. Leaves asnslly 2, eftch bearing 3 oblong-elliptic pototed leaflets : 
spatlie purple-striped, curving over tbe spadix. 

A DTftodnUnin, Sobott. Dragon-root. Leaf usual!}' 1, with T-Il narrow 
oblong leaflets; spathe greenish, shorter than the spadii. 

2. STMPLOCASFIIS. Bkcme Cabbaoe. 

Leaves and flowers arising from a strong rootatock, the Iva. very large 
and appearing after the spatbes ; fis. perfect, each with i sepals, 4 stamens 
and single ovary which is sunk in the flesh; apadli: fruit made up o( the 
fleshy spadii with imbedded fleshy seeds; spathe pointed and arching, in- 
closing the spadii. Common in wet meadows in the north- 
eastern states. 

8. lotidni, Sallsb. Spathes purple, arising In the 
earliest spring: leaves very large (often 2 ft. long), simple 
and entire, ovate, in tufts. The tufted leaves and fetid 
odor give the plant the name of skunk cabbage. 

3. BIOHABSIA. CAU.A Lilv. 

Leaves several from each short rootslock, Ibeir | 
oles sheatbing the flower-scape: flowers naked and diclin- 
oua, the stamens above and the S-loculed ovaries below on *'•"■ K>»naroia 
the spadlir apatbe large and showy, the top flaring and the Afrioana. 

base rolling about the spadii. Several species are 
cultivated, but the following is the only common one ; 

B. Atrlokia, Eunth. Calla or Calla lily ot gar- 
dens. Fig. 427. Leat-bladea broadly arrow-shaped, 
simple and entire, crosa-velned, glossy; spathe white 
and wai-llke. Cape o( Good Hope. 
4. CALLA. 

Differs from the above in having a apathe which 

does not Inclose the spadii, and mostly perfect flowers 

(the upper ones sometimes stamlnate), each ot 6 sta- 

ena and I ovary; fruit a red berry. One apecles: 

G. palditris, Linn. True Calla. Fig. 428. Leaves 

about 1 ft. high, the blades arrow-shaped: spathe about 2 In. long, white on 

the upper face. Li cold bogs, north. 




438. Calla pains 



XV. LILIACE^. Lilt Family. 

Herbs, with bulbs, corms, or large rootatocks; fls. moetlr regular 
and showy, the perianth of six separate or coherent parts, tie stamens 
usually six and standing in front of the parts of the perianth: ovary 
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superior, usually 3-loculed, ripening into a capsule or berry. About 
200 genera, including more than 2,000 widely distributed species. 
Characteristic plants are lily, lily- of -the -valley, onion, Solomon's 
seal, tulip, trillium, hyacinth, asparagus, yucca. 

A. Fruit a loculicidal capsule: style 1. 

B. Plant bulbous: root-leaves not in large clumps. 

c. Stem tall and leafy 1. Lilium 

CO. Stem shorter, with only 2 to 6 leaves. 

D. Flower erect 2. Tulipa 

DD. Flower nodding 3. Urythronium 

ccc. Stem naked, bearing many flowers 4. Hyacinthus 

BB. Plant with a rootstock, and large clumps of leaves. 
0. Flowers yellow, paniculate on a somewhat branch- 
ing scape 5. Hemerocallis 

cc. Flowers white or blue, mostly in a simple raceme. 6. Funkia 
AA. Fruit an angled berry: styles or stigmas 3: leaves 

broad and netted-veined 7. Trillium 

AAA. Fruit a globular berry: style 1: fls. small, white, or 
greenish. 
B. Foliage made up of cladophylla, the true leaves 
being mere scales: stamens borne on the base 

of the small corolla 8. Asparagus 

BB. Foliage of ordinary leaves: stamens borne on the 
corolla-tube. 

c. Perianth of 6 separate parts 9. Smilacina 

cc. Perianth gamopetalous, with 6 lobes. 

D. Flowers racemose on a scape 10. Convallaria 

DD. Flowers hanging from the axils of leaves... 11. Polygonatum 

1. LtLIUM. Lily. 

Strong-growing bulbous herbs, with leafy stems usually bearing sev- 
eral or many flowers: perianth bell-shaped or funnelform, the 6 divisions 
nearly or quite separate and spreading or recurving and having a honey- 
bearing groove at the base: anthers attached by the middle (versatile). 

a. Flowers white. 

L. longifldrom, Thunb. Easter lily. One to 4 ft., with scattered long- 
lanceolate pointed leaves : flowers 5-8 in. long, horizontal, scarcely widened 
from the base to the middle, fragrant. Japan and China, now much cul- 
tivated under glass. Many of the bulbs are grown in the Bermuda Islands, 
whence the name "Bermuda lily." 

L. c&ndidum, Linn. Common white lily. Leaves broad -lanceolate, 
scattered: flowers numerous, 5 in. or less long, widening gradually from 
the base. Europe. Common in gardens. 
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aa. Flowers in shades of yellow or orange, 

L. Philaddlphioum, Linn. Fig. 429. Flowers 1 to 3, erect, 2-3 in. long, 
orange-red and spotted, the divisions separate: leaves whorled. Dry soil. 

L. Canad6xise, Linn. Two to 5 ft., with leaves in whorls 
and bulbs producing rhizomes or runners: fls. several or 
many, erect or horizontal on lone: stalks, the divisions 
spreading above the middle, orange or red and spotted. 
Meadows and swales. 

L. siip6rbam, Linn. Fig. 430. Very tall, bearing several 
j^ or many nodding red-orange spotted flowers in a panicle, 
^^^ W^s>-^ the segments all pointing backwards. Meadows and low 
^^Y^ grounds. 

I L. ttgrrlnom, Andr. Tiger lily. Fig. 30. Four to 5 ft.. 

* bearing a loose cottony covering on the stems: leaves ses- 

429. Lilium gji^^ scattered, lanceolate : flowers many, 
Philadelphicum. nodding in a panicle, orange-red and black- 
spotted, the divisions about 4 in. long and rolled back. 
China and Japan ; old gardens. 

2. TtTLIPA. Tulip. 

Low bulbous plants with a few leaves near the ground 
on the 1-flowered stem : flower large, erect, the 6 divisions 
erect or flaring: capsule triangular. 

T. Gesneri^na, Linn. Common tulip. Leaves 3>6, 
broad : peduncle glabrous : divisions of the flower broad 
at the end, with a very short point in the center : late- 
blooming tulips, originally from Asia Minor. 

T. Buavdolens, Roth. Due Van Thol tulip. Early and dwarf, with 
fewer leaves, downy peduncle, and acuminate segments. Caspian Sea; com- 
mon in cultivation. 

3. EBTTHBONIUM. Dog's-tooth Violet. 

Low herbs with deep-seated conical bulbs, and scape 
with 2 leaves near the ground : flower nodding, the 6 divi- 
sions wide-spreading or recurved, the style long and club- 
shaped. Blooming in earliest spring. 

E. Americd.num, Smith. Common dog^s-tooth violet, or 
adder^s tongue. Fig. 431. Leaves thickish, oblong-lance- 
olate, mottled with purple : flower light yellow, nodding 
on a stem 3-6 in. tall. Low grounds. 

E. dlbidum, Nutt. White adder^s tongue. Leaves 
scarcely mottled : flowers whitish. Low grounds. 




430. LHinm 
snperbom. 




431. Erythrouium 
Americanum. 



4. HYAClNTHUS. Hyacinth. 

Low plants, with large bulbs, producing many flowers in spikes or dense 
racemes on a short scape, the leaves arising directly from the bulb: flowers 
bell-shaped or funnelform, the 6 lobes spreading or curling back. 



H. orientAlll, Linn. Common hyacinth. Fig. 174. Early spring, the 
flowers of man; colors and sometimes double, the permoth-tube snollen, the 
oblong- spatulate lohes as long as the tube. Greece to Asia Minor. 

Var. albnlm, Bftlier. Roman hyacinlk. Flowers fewer a,nd nsuallji 
smaller, white or nearly so, the perianth-tube scarcely swollen and the lobes 
shorter. Prance. Much cultivated. 
5. HEHEHOCALLIS. Ykllow Day-ulv. 

Strong- grow log plants from tuberous roots, producing clumps of long 
sword-shaped leaves; flowers yellow or orange, erect, large and lily-lite, in 
a tall, branching scape, the divisions widely spread- 
the top. Old World, but common in gardens. 
H. folva, Linn. Orange day-lily. Flowera tawny 
mge, produced in early summer, the Inner perianth di- 
nearly or quite obtuse. The commoneat species, 




6. rtWKIA. White and Blue Dat-ult. 

Medium-sized plants, producing dense clumps of broad- 
bladed leaves from roolstwiks : flowers blue or white, in 
racemes on scapes, each flower sheathed at the base by 1 
cordata. "'' ^ bracts, the perianth-tube long and the limb some- 

times irregular. China and Japan; 
planted by houses and along walks. 

F. raboordjkta, Spreng. White day-lily. Fig. 
482. Leaves broadly cordate-ovate : flowers large 
and white, in a short raceme, not drooping. 

F. OTita, Sprang. [F. eirriilea, Sweet). Blue 
day-lily. Pig. 433. Leaves broadly ovate: flowers 
deep blue, In a long raceme, nodding. 
7. TBflLIUU. Wake-bobin. 

Low herbs from deep-seated conn-like tubers: 
leaves 3 in a whorl, broad and netled-veined; flower *^' F^>'l»<'™'«- 

single, of 3 colored petals and 3 green sepals, the latter persistent until the 
angled, many -seeded berry ripens: stigmas 3, often sessile. Plants of earli- 
est spring, growing in rich woods. 

a. Flower seitile in the leat-Mihorl. 



T ulalkid in Che leaf-ichorl. 
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petals broadest above the middle (obovate) and 2-2K in* long: leaves broad- 
ovate, sessile or nearly so. Flowers become rose-pink with age. 

T. eT6ctll2ii, Linn. Flowers smaller, ill-scented, varying from white to 
pink and parple, the peduncle erect or declined, the petals ovate or lanceolate 
and spreading: leaves broad -ovate. Frequent north, and south to Tenn. 

T. c^miliuii, Linn. Flowers not large, white, the peduncle declined under 
the broad leaves; petals ovate-lanceolate, rolled back. Range of the last. 

8. ABFASAGVB. Aspabagus. 

Mostly tall, often climbing plants with cladophylla and very small 
scale-like true leaves: flowers white or greenish, small, bell-shaped, scat- 
tered or in groups of 2 or 3: fruit a 3-loculed and 1-6-seeded small berry. 

A. oSioinJLliB, Linn. Common asparagus. 
Figs. 147, 148. Erect and branchy, the strong young 
shoots thick and edible: berries red. Eur. 

A. plumdsiui, Baker. Fig. 149. Twining, with 
dark, frond-like foliage, small white flowers and 
434. ^ black berries. S. Africa; greenhouses. 

Asparagus medeoloides. ^^ medeoloides, Thunb. Smilax of florists ( but 

not of botanists). Fig. 434. Twining: foliage broad and leaf -like: fls. soli- 
tary and fragrant: berries dark green. S. Africa; much grown by florists. 

9. BHILACtNA. False SoiiOMON*s Seal. 

Low, erect plants with many small white flowers in racemes or pani- 
cles : perianth 6-parted : fruit a 3-loculed berry : rootstock creeping. 

8. racemdsa, Desf. False spikenafd. About 2 ft., tall, somewhat 
downy, with many oblong or oval leaves : flowers in a panicle : berries pale 
red, speckled. Spring and early summer. Rich woods. 

8. stelUkta, Desf. Nearly or quite smooth: leaves narrower: flowers in 
a simple raceme. Forms patches in low ground. 

10. CONVALLABIA. Lily-of-the-valley. 

Low, spring-flowering herbs from branching rootstocks: flowers gam- 
opetalous, white and waxy, nodding in a 1-sided raceme, the 6 short lobes 
recurving: fruit a red berry. 

C. maj^ilis, Linn. Leaves oblong, numerous from the rootstocks, form- 
ing mats, and about 2 with each scape: flowers very fragrant. One of the 
best known garden flowers. Europe. The only species. 

11. POLTGONATUM. Solomon's Seal. 

Mostly strong plants from long running rootstocks on which the scars 
of preceding stalks are very evident (whence the common name) : stems 
leafy, bearing nodding gamopetalous flowers in the axils : fruit a globular, 
dark-colored berry. Rich woods; spring, 

P. gigantdam, Dietr. Three to 5 ft. tall : leaves ovate, somewhat clasp- 
ing: peduncles in each axil 2-8 flowered: filaments not roughened. 

P. bifldrum, Ell. One-3ft. : leaves oblong, nearly sessile, somewhat 
glaucous : peduncles usually 2-flowered : filaments roughened. 



AMABYLLIDACE^ 



V. AMAKYLLIDACE^. AM4R7llib Family. 

DiSers from LiliaeesB chiefly in having an inferior ovary and in 
bearing its flowers more uniformly on scapes. More than 600 species 
in nearly 70 genera, widely dispersed. Representative plants are 
nsrcissas, daffodil, snowdrop, tuberose, amaryllis lilies. Plants of 
the first three jjenera may be grown from bulbs in the school-room. 

A. Stam a leaBees scape. 

B, Perlantli with a croon or cup id its center 1. Narcistus 

BB. Perianth with no cup. 

c. Anthers and style pointed 2. Qalantkta 

CO. Anthers and style blunt 3. Leucoittm 

AA. Stem tall and leaty i. Foliattthes 

1. BABCIKHS. Nabcibsus. DArFODiL. 

Low plants producing from I to many G-parted flowers on a scape which 
ariaea from a tunicated bulb: nerianth with s long tube and bearing a cup 
or crown la its center. Old World, but trequently caltiTated. 

a. Crown as long at, or longer than, the divisions of tht ptriantX. 

R. PssAdO-Varoiliai, Linn, Trvmpet narcissus. Common daflodH. 
Fig. 234. Scape I-flowered, the flower large anil yellow with a relatively 
short tube and a wavy-edged crown. Leaves Bat and glaucous. Doable 
forma are common in gardens. 

aa. Crouin hall or more as long as the diviaiotit at the perianth, 

IT. InoompariblUs, Curt. Scape l-Sowered. the flower aboat 2 in. or 
more serosa, yellow, the cylindrical tube 1 in. long, the crown plated and 
usually a deeper yellow; leaves flat and glaucous. 

aaa. Crown tetg than hall the length of Ihf division. 

n. Taiitta, Linn. Polyanthus narcMsui. Chinese 
sacred lily. Fig. 435, Flowers several to many In an 
umbel, yellow or white, small, the crown usually darker 
colored and usually somewhat scalloped: leaves flat and 
somewhat glaucous. One of the commonest kinds. 
The narcissus known to florists as " Paper-white" is a 
white-flowered form of this species. 

N. poMloni, Linn. Poet's Hareiisus. Scape rather 
slender, usually 1-flowered, the flower white with the 
thick rim of the very short crown margined with red : W5. 

leaves flat, glaucous- Harriseos Tamlla. 

>. JonqnUla, Linn. Jonguit. Scape 2-5-flowered, the flowers small and 
yellow, the tube slender and the segments wide -spreading: leaves linear, 
somewhat cylindrical. 
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2. GALANTHUS. Snowdrop. 

Small, Hpring-blooming plants, with a single white flower nodding^ from 
the top of the scape, followed by grass-like leaves: perianth divisions 6, 
oblong and more or less concave, the three inner ones shorter, some of 
them usually green -blotched at the tip : anthers and style 
pointed. 

G. nlv&Iis, Linn. Snowdrop. Fig. 436. One of the earli- 
est of spring flowers, appearing as soon as the snow is gone, 
the flower and leaves arising from a small bulb: scape 6 in. 
or less high: inner divisions of the bell-shaped flower tipped 
with green. Europe. 

3. LEUCOIUM. Snowflake. 

Flowers often more than 1 : divisions of the perianth all 
alike: anthers and style blunt: otherwise very like Galanthus. 
L. v6mum, Linn. Snowflake. Taller than the snow- 
436 Galanthus ^^'^P (fl't>out 1 ft.), the scape usually 1-flowered, blooming 
nivalis. later, the flowers larger. Europe. 

4. POLIANTHES. Tuberose. 

Leafy-stemmed lily-like plants, with a thick, tuberous rootstock (whence 
the name tuber-ose not tube-rose), bearing an erect spike of white flowers: 
perianth with a short slightly curved tube and 6 spreading nearly equal 
divisions: stamens included in the tube (not projecting). 

P. tuberdsa, Linn. Tuberose. Two to 3 ft., bearing long-linear, chan- 
nelled, many-ranked leaves: flowers very fragrant, sometimes tinted with 
rose. A popular garden plant from Mexico, blooming in the open in late 
summer and autumn; some forms are double. 

VI. IRIDACE^. Iris Family. 

Differs from Amaryllidaceee and LiliaeesB in its inferior ovary, 
three stamens which are opposite the outer parts of the perianth, 
and 2 -ranked equitant (bases overlapping) leaves: stigmas some- 
times large and petal-like. About 60 genera and 700 species. Rep- 
resentative plants are iris or blue flag, crocus, gladiolus, freesia. 
Crocuses and freesias are easily grown in window-boxes for winter 
and spring bloom. 

A. Lobes of the style flat and colored, looking like petals 1. Iris 

AA. Lobes of the style thread-like. 

B. Plant stemless, the leaves and flowers arising directly 

from the corm 2. Crocus 

BB. Plant with a leaf -bearing and flower-bearing stem. 

c. Flowers in a short 1-sided cluster: plant small 3, Freesta 

CO. Flowers in a terminal spike: plant large 4. Gladiolus 



lEiDACEa: 297 

1. IBlB. Fleur-de-lis. Flaq. 

Mostly strong plimta, with rhizomea or tubers; flowers mostly large and 
(.hotpy, the three outer segments recurving and the three inner ones usunlly 
sniaJler and more erect or sometimes inourviug; the three long divisions of 
the style petal-lilce and often more or less hairy, covering ttie stamens; 
stigma on the under side of the style: leaves long and sword-shaped. Several 
wild and many cultivated species. The following species have rhizomes, 
a. FIower» yellote. 
I. Fsandiconu, Linn. Common yellow flag. One to 3 ft., with several- 
flowered, often branching stamens : outer divisions of the perianth with no 
hairs or crests; flowers bright yellow. Europe. 

aa. J'loicers tn shades of blue (sometimes varying to mhtte). 
I. versleolor, Linn. Common wild blue flag. Two to 3 ft,, stout: leaves 
K-ln. wide, flat: flowers about 3 in. long, short-stalked, violet-blue, the tube 
shorter Cbaii the ovary, the inner petals small 
and the outer ones with no hairs. Swamps. 

I. lavigita, Fisch. & Mey. (/. Kwmpferi, 
Sleb,). Japan iris. Two to 3 feet, the stem 
much overtopping the thin, broad leaves : 6ower8 




431. Iris Qermanica. 43K. Crocna vernus. 199. Freesia letrscta. 

Isree (sometimes several inches across), flat, the Inner lobes spreading, the 
outer ones very large and rounded, with no hairs ot crests ; color mostly in 
shades of blue and purple. Japan ; now one of the choicest of garden Irtaes. 

I. Oemi&iiios, Linn, Common blue flag of gardens (sometimes runs wild). 
Pig. 437. Two to 3 feet, with long sword-shaped leaves; flowers few or 
several to each stem, about 3 to 4 in. across, the drooping outer segments 
with yellow hairs, the inner segments erect and arching inwards. Europe, 
2. GBOCUS. Cbocus. 

Small, stemlesB plants, the long-tubed flowers and the grass-like leaves 
iriaing directly from the coated eorm; flowers with the 6 olwvate divisions 
all alike and erect -spreading or the inner ones a little the smaller, opening 
only in sunsbine. The following, from Europe, blooms in earliest spring. 

C. vimna, Linn. Common crocus. Pig. 438. Leaves 2-4 to each flower, 
glaucous oD the under side: flower rising little above the ground; color in 
shades of lilac and variously striped, sometimes white. 
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3. 7BE&SIA. Frbbsia. 

Small connous plants with flat leaves: flowers white or yellowish, tubu- 
lar, with a somewhat spreading limb, the tube generally curved : stem about 
1 ft. high, bearing several erect flowers on a sidewise cluster. Popular 
florists' plants of easy culture and quick growth. 

F. refr&cta, Klatt. Pig. 439. Leaves narrow: flower usually somewhat 
2-lipped or irregular, white in the most popular forms but yellowish in some, 
often with blotches of yellow; fragrant. Cape of Good Hope. 

4. GLADtOLUS. Gladiolus. 

Tall, erect plants, with flat, strong-veined leaves, the stem 
arising from a corm (Fig. 50) : flowers in a more or less 1-sided 
terminal spike, short-tubed, the limb flaring and somewhat 
unequal: stamens separate (united in some related genera): 440. Gladiolus 
style long, with three large stigmas. Gandavensis. 

G. Gandavdnsis, Van Houtte. Fig. 440. Upper segments of the peri- 
anth nearly horizontal : colors various and bright : spikes long. Hybrid of 
two or more species from the Cape of Good Hope. Summer and fall. 



BB. PHENOGAMS: ANGIOSPERMS: DICOTYLEDONS. 

c. CHORIPETALiE. 

VII. CUPULIFER^. Oak Family. 

Monoecious trees and shrubs with staminate flowers in catkins 
and the fertile in catkins or solitary : Ivs. alternate, with stipules 
early deciduous (mostly scale-like), and the side- veins straight or 
nearly so: stamens 2 to many: fruit a 1-seed nut, sometimes inclosed 
in an involucre. Ten or a dozen genera and upwards of 450 species. 
Representative plants are oak, chestnut, beech, birch, hazel, ironwood. 

A. Sterile flowers in a hanging head: fruits 2 three-cornered 

nuts in a small, spiny involucre or bur 1. Fagua 

AA. Sterile flowers in cylindrical catkins. 

B. Fruit 1 to 4 rounded or flat-sided nuts in a large, sharp- 
spiny involucre or bur 2. Castanea 

BB. Fruit an acorn— a nut sitting in a scaly or spiny cup 3. Quercus 

BBB. Fruit flat and often winged, thin and seed -like, borne 
under scales in a cone 

c. Fertile flowers naked: mature cone-scales thin 4. JBetula 

CO. Fertile flowers with a calyx: cone-scales thick 5. Alnus 

1. PAGUS. Beech. 

Tall forest trees with light bark, and prominent parallel side-veins in 
the leaves: sterile flowers in a small, pendulous head, with 5-7-cleft calyx 
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and 8-16 atwDeoB: fertile flowers 2, in a close iiiTolucre, ripening into 2 
three-cornered "beech nute" in a 4-vftlTed bur. 

r. AM«liOJtIUl, Ait. American beech. Close-grained, hard-wood tree, 
with light colored bark : teavea ovate-oblong and acuminate, coarsely serrate, 
usually with 9 or more pairs oi nerves : nuts ripening in the fall, and much 
sought by boys and ai^uirrelB. A common forest tree. 

F. tjlvMiCB, Linn. Huropean beech. Fig. 13S. Often planted, particularly 
In the form of the Purple-leaved and Weeping beech: foliage differs in being 
mostly smaller, orate or elliptic, small-toothed, with 9 or leas pairs of nerves. 

2. GA8TAREA. Chgsthu'T. 

Forest trees, with rough, furrowed bark; sterile flowers with 4-T-lobed 
calyx and 8-20 stamens in Tery long, erect or spreading caCbins, which 
appear in clusters in midsummer: fertile flowers about 3 in an involucre, 
producing "cheatnuta " in a aplny bur. 

C. Ameriojinll, Saf. American chttlnut. Fig. 241. Toll, straight, 
grained tree, wiih large, broad and thin, oblong-lanceolate leaves, which are 
taper-pointed, and have large teeth with spreading spines : nuta usually I In. 
or less across, sweet. Grows as far west as Mich., and south to Miss. 

C. MtlTft, Mill- European chestnut. Less tall: leaves smaller and 
narrower, more pubescent when young, not loog- acuminate, the teeth smaller 
and their spines more Incurved: nuts 1 la. or more across, not so sweet as 
those of the American chestnut. Europe. Very commonly planted. 

3. QlrfiBCDS. Oak. 

Strong, close-grained trees, with mostly laterally-lobed lea e 

flowers In clustered hanging catkins, with a 4-T-lobed calyx, and 3- a 

mens: fertile one lu a shallow involucre which becomes th up 
acorn, the stigma 3-lobed: fruit an acorn. See Pig. 212, which rep 
the English oak {Q. Bobur) often planted in choice grounds. 

a. While oalt group, dUHnguUhed by itn light gray tcaiy bark, rounded 
lobes or teeth of the leavei.and the acomi maturing the first year. 
[Q. virem has nearly or quite entire leaves.) 
Q. 411m, Linn. White oak. Fig. 441. Leaves obovate, 5 or 6 inches 
long, the lobes usually 7 and at equal distances apart, and the sinuses 
deep or shallow ; acorn small, with a rather shal- 
low and not fringed cup. The commonest species. 
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otUin deeply lobed toward the base: aeom cups heavily fringed on tht! 
margins: young bruicbes corky. More com man west. 

Q. Prllint, Linn. Cheitnut oak. Pig. 4*3. Leaves ratber long-obo- 
vate, toothed, with ronnded teetb and yellow-ribbed: acorn long and the cup 
bard-scaled: hnrk dark nith broad, deep furrows. Eastern. 







Q. blcolor, Willd. Suiamp white oak. Fig. 444. Leaves obovate, 
white-downy on their lower surface, tootbed wltb squarish teeth, the bases 
wedge-shaped; acorn small, with the margin of the cup finely fringed. 
Common in low grounds and along ravines. 

Q. Tlr«nB, Ait. Live oak. Leaves small, oblong, entire or sometimes 
spiny-toothed, thick and evergreen: acorn oblong, the nnt about one-third 
severed with its scaly cup. Virginia, south. 

aa. Blaik oak group, dialingiiished by ita dark fnrroieeil bark, pointed lobei 
of the leaves, and the atome matjtring tht teeond year. 
Q, ribra, Linn. Sed oak. Pig. 44S. Leaves obovate or sometimes 
shorter, the 7-9 lobes triangular and pointing toward the tips: acoru large, 
flat-supped. Common. 

Q, coocinea. Wang. Scarlet oak. Fig. 44S. Leaves obovate, bright 

scarlet in autumn, thin, smooth on the lower surface, the sinuses deep, 

wide and rounded - margin of the acorn cup 

rounding mwardi and the scales close inner bark 

reddish Common 

Q tinctMa, Bartr Black oak Fig 447 
, Leaves obovate coarser donny on tho lower 
, surface until midsummer or later wider towards 

the starlet oak) marglu of the acorn cup not 
447 Onere 1' t " rounding inwards and the Sfalea looser Inner 

bark orange Common 
4. B£TULA. BiBCfl. 

Small to medium-sized trees, with sterile flowers in drooping, cyllndricai 
catkins, 3 flowers with 4 short stamens being borne under each bract: fertile 
flowers in short, mostly erect catkins which become cones at maturity, 2 or 3 
naked flowers being borne under each .Globed bract: fruit winged and seed, 
like: leaves simple, tootlied or serrate; l>ark often aromatic. 
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a. Brown-harked birches : leaves ovate, 

B. 16xita, Linn. Cherry birch. Sweet birch. Tall tree, the bark tight 
(not peeling in layers), the twigs very aromatic: leaves oblong-ovate, some- 
what cordate at base, doubly serrate, becoming glossy above : bracts of the 
oblong-cylindric fruiting catkins with wide-spreading lobes. Rich woods. 

B. Itltea, Michx. Yellow or gray birch. Bark grayer or silvery, peel- 
ing in layers: leaves scarcely cordate, dull, more downy: bracts of the 
short-oblong fruiting catkins with scarcely spreading scales : tree less aro- 
matic than the other. Same range. 

aa. White-barked birches: leaves triangular or broad-ovate. 

B. papyrifera, Marsh. Paper birch. Canoe birch. Tree of medium 
to rather large size, with the bark peeling in very large plates or layers: 
leaves broad -ovate and often somewhat cordate, dull green. Penn., north. 

B. populifdlia, Ait. American white birch. Small and slender tree with 
rather tight, glistening, white bark: leaves triangular-acuminate, toothed, 
dangling, and moving incessantly in the wind. Northeastern states. 

B. &lba, Linn. European white birch. A larger tree, with triangular- 
ovate leaves which are pointed but not long-acuminate. Europe; the com- 
mon cultivated white birch. 

4. ALNUS. Alder. 

Much like Betula, but smaller trees or bushes: flowers with a 3-5- 
parted calyx, and the small, short, fertile catkins composed of thickened,, 
woody scales. In the following, the flowers appear before the leaves in 
earliest spring, from catkins formed the previous year and remaining partly 
developed during winter. Common along streams. 

A. ino&na, Willd. Speckled alder. Shrub or small tree, with pubescent 
branches: leaves oval to oblong-ovate, acute, doubly serrate, glaucous and 
downy underneath: cones about )^ in. long, mostly sessile. 

A. rugdsa, Spreng. {A. serrulataj Willd.). Smooth alder. Leaves 
elliptic or obovate, acute or rounded at the apex, finely serrate, the under side 
of the leaves smooth or pubescent only on the veins: cones short-stalked. 

A. glutindsa, Gaertn. Black alder. Leaves orbicular or very broadly 
obovate, not acute, irregularly serrate, dull and nearly smooth beneath: 
cones peduncled. Europe; planted, some varieties with divided leaves. 



VIII. URTICACE^. Nettle Family. 

Trees and herbs, with small apetalous flowers in small clusters or 
solitary: leaves mostly straight -veined, with stipules: plants dioecious 
or monoecious, or flowers perfect in the elms : stamens usually as many 
as the lobes of the calyx and opposite them : ovary superior, ripening 
into a 1 -seeded indehiscent, often winged fruit. A very polymorphous 
association, by some botanists divided into two or three coSrdinate 



302 THE KINDS OF PLANTS 

families. More than 100 genera and 1500 BpecieB. Bepreaentatives 
are elm, hackberiy, tuulburrj, osage orange, nettle, hop, hemp. 



BB. Prull a small drupe 2. Cetlis 

BBB. Fruit an large as an orange, tanned of the whole mass of 

the piatiltate flower-cluster 3. Toxylon 

BBBB. Fruit reaembling a blackberry, formed of the pistillate 

flower- cluster 4. Jfomg 

AA. Herbs. 

B. LeaTfia digitatelj lobed or divided. 

c. Plant atandlne erect 5. Cannabis 

cc. Plant twinine 6. Bumulut 

BE. I*avea not lobed: plant with atinging hairs 7. Urtica 

1. OLUrS. Elu. 

Trees, mostly large and valuable for timber, with rough -furrowed bark; 
leaves alCemate (:i-ranked),oyalB and straight- veined, dentate: flowers small 
and not xbowy, appearing in earliest spring, sometimes diclinaus. the calyx 
4-9-partedT Ibe anthers 4-9 on long fllamenta: ovary generally 2-lociiledr 
ripening Into n 1 -seeded wing- fruit, 
a- Leaves large, rough on Ike upper surface .■ fruit large, nearly orbicular. 

V. tdlva, Mtchx. Slippery elm. Fig. 448. Middle-flized or small tree 
with inner bark mucilaginous or "slippery " In apriog : leaves 6-8 in. long 
and bslE or more HS broad, ovato elliptic and unequal -sided, doubly serrate, 



oa. Leaves not very rongh above: Irail oval, deeply noiehed at the apex. 
U. Americana, Linn. Common or mhite elm. Figs. 91-95, 146, 449. Talland 
graceful tree; leaves elliptic-oval, serrate: samara small, more or less hairy 
on the tbin wing, the notch in the spei extending nearly to the seed: flowers 
hanging on slender stalks. One of the finest of American trees. 
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U. raoemdsa, Thomas. Cork elm. Fig. 450. Smaller tree than the last, 
with corky-winged branches : leaves with straighter veins : samara with 
sharp incurved points at the apex: flowers in racemes. Less common. 

U. al&ta, Michx. Wahoo elm. Small tree, with wide, corky ridges on 
the branches : leaves small and rather thick, almost sessile, ovate to nearly 
lanceolate and acute: samara downy, at least when young. Virginia, south 
and west. 

2. C£LTIS. Nettle-Tbee. Hackbebby. 

Elm-like in looks, but the fruit a 1-seeded, berry-like drupe: flowers 
greenish, in the leaf axils, mostly diclinous ; calyx 5-6-parted ; stamens 5 or 
6 : stigmas 2, very long. 

C. oocident&Iis, Linn. Common hackberry. Middle-sized tree with 
rough- furrowed bark: leaves ovate-pointed, oblique at base, serrate: fruit 
purplish, as large as a pea, edible in the fall when ripe. Low grounds. 

3. T6XTL0N. OsAOE Obanoe. 

Small tree, with dioecious flowers in catkins, and alternate, simple 
leaves: sterile flowers in raceme-like, deciduous catkins : fertile flowers 
densely crowded in a head, with 4 sepals and 2 stigmas, the ovary ripenin? 
into an akene, the whole flower-cluster becom- 
ing fleshy and ripening into an orange-like 
mass. 

T. pomiferom, Baf. {Madura aurantiaeaf 

Nutt.). Osage orange. Fig. 451. Spiny, low 451. Toxylon pomiferuin. 
tree, much used for hedges, but not hardy in 

the northernmost states: leaves narrow -ovate and entire, glossy: flowers 
in spring after the leaves appear, the fruit ripening in autumn. Mo. 
and Kan., south. 

4. HOBUS. Mulbebby. 

Small to middle-sized trees, with broad, alternate toothed or lobed 
leaves and moncecious flowers, with 4-parted calyx: stamens 4, with fila- 
ments at first bent inward, the staminate catkins soon falling: fertile flow- 
ers ripening a single akene, but the entire catkin become 
fleshy and blackberry-like, and prized for eating. 
Leaves very variable, often lobed and not lobed on the 
same branch. 

H. rtbra, Linn. Common wild mulberry. Often 
a large tree in the south : leaves ovate-acuminate, 
oblique at the base, rough and dull on the upper surface 
and softer beneath, dentate: fruit K in> to 1 In. long, 
black-red, sweet. Wood yellow. Most abundant south, 

452. Morus alba. **"* «'**''"« " '" °°'*'' " "*""• 

H. Alba, Linn. White mulberry. Fig. 452. Leaves 

light green and usually glossy above, the veins prominent and whitish beneath, 

the teeth usually rounded or obtuse: fruit of variable size, often 1% in. long, 

whitish, violet, or purple. China; planted for ornament and for its fruit, also 

for feeding silkworms. The much-planted Russian Mulberry is a form of it. 
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5. CAHVABIS. Hemp. 

Tall, strong, dioecious herbs with 5 to 7 leaflets : fertile flowers in clus- 
ters, with 1 sepal surrounding the ovary, and 2 long, hairy stig^mas : sterile 
flowers in racemes or panicles, with 5 sepals and 5 drooping stamens. 

C. Mtlya, Linn. Hemp. Six to 10 ft., strong-smelling, blooming all 
summer: leaflets lanceolate, large toothed. Old World; cultivated for flber 
and sometimes escaped in waste places. 

6. HtrHULUS. Hop. 

Twining dioecious herbs of tall growth, with 5 sepals in the sterile 
flowers, the stamens erect : fertile flowers with 1 sepal, 2 flowers under ea,ch 
scale of a short, thin catkin which becomes a kind of cone or ** hop." 

H. Ltipuliui, Linn. Common hop. Perennial, rough-hairy : leaves broad- 
ovate, deeply 3-lobed (only rarely 5-7-lobed) : sterile flowers in panicles 
2-6 in. long: pistillate catkin enlarging into a "hop" often 2 in. or more 
long. A native plant, cultivated for hops and sometimes for ornament. 

H. Japdnious, Sieb. & Zucc. Japanese hop. Fig. 167. Annual: leaves 
not less than 5-lobed : fertile catkin not enlarging into a hop. Japan ; much 
cultivated for ornamept. 

7. tTBTICA. Nettle. 

Erect herbs with opposite simple leaves and stinging hairs, and mon- 
oecious or dioecious flowers in racemes or dense clusters, the calyx of 4 
separate sepals: stamens 4: stigma sessile: fruit an ovate flat akene. The 
following are perennials with flowers in panicled spikes. 

U. gr&cilis, Ait. Common nettle. Two to 6 ft.: leaves ovate-lanceolate, 
serrate, on long petioles. Common in low grounds. 

U. didica, Linn. Not so tall: leaves ovate-cordate and deeply serrate, on 
rather short petioles, downy underneath. Weed from Europe, very stinging. 

IX. POLYGONACE^. Buckwheat Family. 

Herbs, mostly with enlarged joints or nodes and sheaths (repre- 
senting stipules) above them : leaves simple and usually entire, 
alternate : flowers small, apetalous, usually perfect and generally 
borne in spikes or dense clusters : stamens 4-12, attached to the 
very base of the 3-5-merous calyx : ovary 1-loculed, ripening into a 
3-4- angled akene. Thirty or more genera and about 600 widely dis- 
persed species. Characteristic plants are buckwheat, rhubarb, dock, 
sorrel, smartweed. 

A. Root-leaves 1 ft. or more across, rounded 1. Rheum 

AA. Root-leaves narrow or not prominent. 

B. Calyx of 6 sepals, often of two kinds 2. Rumex 

BB. Calyx of 5 (rarely 4) sepals, all alike. 

c. Flowers white and fragrant 3. Fagopyrum 

cc. Flowers greenish or pinkish, not distinctly fragrant. 4. Polygonum 
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1. BHfiUH. Bhubabb. 

Very large-leaved perennials, sending up stout hollow flower-stalks in 
early summer which bear smaller leaves with sheathing bases : sepals 6, all 
alike, withering rather than falling, and persisting beneath the 3-winged 
ftkene: stamens 9: styles 3. Old World. 

B. Bhapdntioum, Linn. Bhuharh, Pie-plant. Figs. 78, 79. Leaves 
1 ft. or more across, the thick petioles eaten: fls. white, in elevated panicles. 

2. BtrHEX. Dock. Sorrel. 

Perennial often deep-rooted plants with herbage bitter or sour: sepals 6, 
the 3 outer large and spreading, the 3 inner (known as' "valves") enlarging 
after flowering and one or more of them often bearing a grain-like tubercle 

on the back: stamens 6, styles 3: flowers in pan- 
icles or interrupted spikes. 

a. Docks: herbage hitter : valves often grain- 
hearing : flowers mostly perfect: leaves 
not an'ow -shaped. 
B. obtusifdlius, Linn. Bitter dock. Lower leaves 
oblong-cordate and obtuse, not wavy: one valve 
usually grain-bearing. Weed from Europe. 

B. orispus, Linn. Curly dock. Leaves lanceo- 
late, wavy or curled : all valves usually grain-bear- 
ing. Weed from Europe. 




453. Rnmex Acetosella. 



aa. Sorrels: herhage sour: valves not grain-hearing: flowers dioecious: 

leaves arrow-shaped. 

B. Acetos611a, Linn. Common or sheep sorrel. Fig. 453. Low (1 ft. 
or less): leaves mostly arrow-shaped at base: flow- 
ers brownish, small, in a terminal panicle. Common 
in sterile fields. Europe. ^• 

3. FAGOPt'BUM. Buckwheat. 

Fast-growing annuals, with somewhat triangu- 
lar leaves, and fragrant flowers in flattish, panicle- 
like clusters: calyx of 5 parts: stamens 8: fruit a 
triangular akene. Old World. 

F. e80ul6ntum, Moench. Common buckwheat. 
Fig. 454. Leaves triangular-arrow-shaped, long-peti- 
oled: flowers white, in a compound cluster: akene 
with regular angles. Flour is made from the grain. 

F. Tat&ricom, Gaertn. India wheat. Slen- 
derer, the leaves smaller and more arrow-shaped 
and short-petioled : flowers greenish or yellowish, in simple racemes : akene 
notched on the angles. Somewhat cultivated. 

4. FOL'f OONUH. Knotweed. Smartweed. 

Low weedy plants, or some exotic ones tall and cultivated, blooming in 
summer and fall, the small pinkish or greenish flowers mostly in racemes or 




454. 
Fagopyrum esculentum. 
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spikes (in the Knotweeds in the leaf -axils): calyx usually 5-parted; 
4-9 : stig^mas 2 or 3 : black akene lenticular or triangular. 



stamens 



a. Knotweeds: flowers sessile in the axils of the leaves ^ greenish and 

very small, 

P. a^enUUre, Linn. Common knotweed. Doorweed. Tig. 193. Pros- 
trate or creeping, bluish green wiry plant, growing along the hard edges of 
walks and in yards, and commonly mistaken for sod: leaves small, mostly 
oblong, entire: sepals very small, green with a broad white marg^in: sta- 
mens 5 or more: stigmas usually 3. Annual. 

P. er6otll2ii, Linn. Taller knotweed. One ft. or more high : 
leaves three or four times larger, oblong or oval and obtuse. 
Common annual. 

aa. Smartweeds; flowers in terminal spikes f mostly pinkish. 

b. Sheaths of leaves (surrounding stem) hairy on the 
edge, or the margin with a spreading border. 

P. orientUe, Linn. Prince's feather. Several feet tall, 
soft-hairy : flowers in long cylindrical nodding spikes : leaves 
ovate: stamens 7. India; cultivated. Annual. 

P. Persic&ria, Linn. Smartweed. Lady*s thumb (from the 
dark blotch near the center of the leaf). Fig. 455. About 1 ft. : 
leaves lanceolate: spikes oblong, dense and erect: stamens 
usually 6: stigmas 2. Weed from Europe. 

P. Hydroplper, Linn. Smartweed. Herbage very pung^ent 
or"smarty:" leaves oblong-lanceolate: spikes short and nod- 
ding, the flowers greenish : stamens 6: stigmas 3. Low 
grounds. Annual. 

P. hydropiperoldes, Michx. Smartweed. Herbage not 
pungent: spikes slender and erect, the flowers whitish: sta- 
mens 8: stigmas 3. In very wet places. Perennial. 
P. iore, HBK. Smartweed. Herbage pungent: leaves linear or lanceo- 
late, long-pointed: spikes slender and erect: flowers white or blush: sta- 
mens 8: stigmas 3. Low grounds. Perennial. 

bb. Sheaths of leaves not hairy, nor the margin bordered. 

P. PennBylv&nioom, Linn. Smartweed. Pungent: plant with conspicuous 
glandular hairs above : leaves lanceolate : spikes short-oblong and erect, the 
flowers purplish: stamens 8: stigmas 2. Low ground. Annual. 




453. 

Polygonum 

Persicaria. 



X. CARYOPHYLLACE.E. Pink Family. 



Herbs, with opposite, mostly narrow, entire leaves without conspic- 
uous veins : flowers 4-5-merou8, sometimes apetalous, with stamens 
twice or less the number of sepals or petals, and 2 to 5 styles which 
may be wholly separate or partially united: pod usually a 1-loculed 
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capsule commonly inclosQd in the calyx, mostly splitting from the 
top, the seeds usually attached to a central column. Genera between 
30 and 40, species about 1000. Representative plants are pink, 
carnation, bouncing Bet, catchfly, chickweed, corn-cockle, lychnis, 
spurrey. 

A. Flowers polypetalous, with sepals united into a tube. 

B. Bracts at the base of the calyx 1. Dianthus 

BB. No bracts at base of calyx. 

0. Styles 2 2. Saponaria 

cc. Styles 4 or 5 3. Lychnis 

AA. Flowers often apetalous, the sepals nearly or quite distinct. 

B. Styles 3 or 4 4. Stellaria 

BB. Styles 5 : 5. Cerastium 

1. DIANTHUS. Pink. 

Showy-flowered small herbs, with striate, many-furrowed calyx and 
sepal-like bracts at its base: petals with slender claws or bases, the limb 
usually toothed or fringed : styles 2. 

a. Floi)oers single on ends of branches. 

D. Chin6nsi8, Linn. China or florists^ pink. Leaves short-lanceolate, 
not grass-like: calyx-bracts linear-acute and as long as the calyx: petals in 
white and shades of red, very showy. China. Perennial, but grown as an 
annual (mostly under the florists' name D. Heddewigi). 

D. plumilriiu, Linn. Orass or Scotch pink. Common pink 
of old gardens, from Europe. Low, growing in mats, glau- 
cous-blue : leaves grass-like : flowers very fragrant, deep- 
fringed, white or pink. Perennial. 

D. Caryoph^lliu, Linn. Carnation. Two ft. or more, with 
wiry stems, glaucous-blue : leaves grass like: calyx-bracts 
short and broad : petals more or less toothed but not fringed : 
flowers fragrant. Europe. 

aa. Flowers in compact clusters. 

D. barbiltUB, Linn. Sweet William. Fig. 456. One ft. /:^^/"! 

or more, erect, green : flowers small, in dense clusters in red (r^ /V" 

and white. Old World; common in old gardens. .__ ' . , 

' * 456. Dianthus 

2. SAPONAEIA. SOAPWORT. barbatus. 

Calyx cylindrical or angled, 5-toothed, with no bracts at its base: 
stamens 10: styles 2: pod 4-toothed at top (Fig. 250). 

S. officinilliB, Linn. Bouncing Bet. Perennial, forming colonies in old 
yards and along roads, 1-2 ft. high, glabrous, with ovate or oval leaves: 
flowers 1 in. across, white or rose, in dense clusters, often double, the 
petals with a crown. Europe. Common. 
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3. L'f CHHI8. Lychnis. Cockle. 

Annual or perennial, with styles usually 5, and pod opening by 5 or more 
teeth: calyx 5-toothed and 10- or more-nerved, naked at the base: stamens 10. 
L. OithiLgO, Scop, (or Agrostemma GithagOj Linn.). Com cockle, 
because it is a common weed in wheat fields (wheat is known as com in 
Europe), its seeds not being readily separated from wheat because of their 
similar size and its seasons corresponding with those of wheat : annual, 2-3 
ft., hairy: flowers purple-red and showy, on very long stalks, the petals 
crowned and the calyx-lobes long and leafy: leaves very narrow. Europe. 

L. CoTon&ria, Desv. Dusty miller. Mullein pink. 
Biennial or perennial, white-woolly all over : leaves ob- 
long: flowers rose-crimson, showy, Europe. Old gar- 
dens and along roads. 

4. STELLABIA. Chickweed. 

Small, weak herbs with sepals 4-5, petals of equal 

number and deeply cleft or sometimes wanting: sta- 
^ mens 10 or less: styles usually 3: pod opening by twice 

\T cS^ as many valves as there are styles. 

^^ 8. mddia, Smith. Common chickweed. Fig. 457. 

Little prostrate annual, making a mat in cultivated 
grounds, with ovate or oblong leaves mostly on hairy petioles : flowers soli- 
tary, minute, white, the 2-parted petals shorter than the calyx, the peduncle 
elongating in fruit. Europe; very common. Blooms in cold weather. 

5. CEBASTIUM. Mouse-ear Chickweed. 

Differs from Stellaria chiefly in having 5 styles and pod splitting into 
twice as many valves. The two following gray herbs grow in lawns. From 
Europe. 

C. yiscdSTim, Linn. Annual, about 6 in. high: leaves ovate to spatulate: 
flowers small, in close clusters, the petals shorter than the calyx, and the 
pedicels not longer than the acute sepals. 

C. Yulg&tam, Linn. Perennial and larger, clammy-hairy: leaves oblong: 
pedicels longer than the other obtuse sepals, the flowers large. 



XL RANUNCULACE^. Crowfoot or Buttercup Family. 

Mostly herbs, with various habits and foliage : parts of the 
flower typically all present, free and distinct, but there are some 
apetalous and dioecious species: stamens many: pistils many or 
few, in the former case becoming akenes and in the latter usually 
becoming follicles. Upwards of 30 genera and 1,000 to 1,200 species. 
Characteristic plants are buttercup, anemone, meadow-rue, marsh- 
marigold or cowslip, adonis, clematis, larkspur, aconite, columbine, 
baneberry, peony. Known from Rosacesd by the hypogynous flowers. 
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A. Fruits akenes, several or many from each flower. 

B. True petals none, but sepals petal-like (and involucre 
often simulating a calyx). 

c. Involucre of 2 or more leaves much beneath the flower 1. Anemone 
cc. Involucre of 3 sepal-like leaves close to the flower. .2. Hepatica 

BB. True petals present, yellow 3. Ranunculus 

AA. Fruits follicles. 

B. Petals not spurred, mostly yellow 4. Caltha 

BB. Petals spurred 5. Aquilegia 

1. ANEMONE. Anemony. Wind-fl.ow£ii. 

Low perennial herbs with mostly showy apetalous flowers and an invo- 
lucre of 2 or more mostly divided leaves standing some distance below the 
flower: pistils ripening into a head of akenes. 

a. Akenes woolly or silky. 

A. Jap6nica, Sieb & Zucc. Japanese anemony. Three ft., blooming in 
fall, with pink or white flowers 2-3 in. across : leaves with 3 cordate-ovate 
notched leaflets. Much planted. 

A.Virginiilna, Linn. Two ft., with involucre of three 3-parted leaves: 
flowers on long stalks arising in succession from succeeding nodes: sepals 5, 
acute, greenish- white: head of fruit oblong, % in. long. Woods. 

aa. Akenes not woolly or silky. 

A. quinqnefdlia, Linn. {A. nemorosa of some). Common wind-flower. 
Low, about 6 in., blooming in rich woods in early spring: involucral leaves 3, 
each with 3 or 5 long leaflets: flowers white, purplish outside, pretty. 

2. HEFATICA. Liyerleaf. Mayflower of some places. 

DiflPers from Anemone chiefly in having 3 simple sepal-like bracts be- 
neath the flower (but they are sometimes a half-inch removed from it) : 
flowers in earliest spring, white, blush or blue, on simple hairy scapes: 
leaves broad, 3-lobed . Woods. 

H. triloba, Chaix. Leaves with rounded lobes. 

H. acntiloba, DC. Leaves with acute lobes. 

3. BANt^NCULUS. Crowfoot. Buttercup. Figs. 2, 187, 188, 191, 242. 

Perennials or annuals, with mostly yellow flowers: sepals 5: petals 5, 
and bearing a little pit or scale at the base inside : leaves alternate : akenes 
many in a head. 

B. itcris, Linn. Tall buttercup. Two to 3 ft., from a fibrous root: 
leaves 3-parted, all the divisions sessile and again 3-cleft: flowers bright 
yellow. Europe, but now a common weed. Summer. 

B. bulbdsuB, Linn. Earlier, and only half as tall, from a bulbous base: 
leaves 3-parted, the lateral divisions sessile and the terminal one stalked: 
peduncles furrowed: flowers bright yellow. Europe; common eastward. 

B. septentrion&lis, Poir. Stems more or less prostrate at base, often 
forming long runners: leaves 3-divided, divisions all stalked and 3-lobed or 
•parted: petals obovate, yellow. Wet places. 
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4. CALTHA. Marsh Marigold. Cowslip (in America). 

Low tufted herbs with undivided leaves, and clusters of yellow butter- 
cup-like flowers: sepals 5-9, petal-like: petals none: pistils 5—10, ripening 
into several-seeded follicles. 

C. paltistris, Linn. About 1 ft. high: leaves rounded or kidney-shaped, 
crenate or nearly entire. Wet places, in early spring. Used for "greens." 

5. AQUIL^GIA. Columbine. 

Upright herbs, with compound leaves which have petioles expanded 
at the base: sepals 5, somewhat petal-like: petals 5, each one produced 

into a long nectary spur; pistils 5: fruit a several- 
seeded follicle. Delphinium or larkspur is an allied 

genus. 

a. Spurs straight, 

A. Ganaddnsis, Linn. Common wild columbine. 
Often incorrectly called honeysuckle. Fig. 458. About 
2 ft. : leaflets rounded or obovate, toothed at top: fiowors 
about 2 in. long, drooping, scarlet and orange or neatly 
yellow, the stamens projecting. Common on rocks. 
A. chrys&ntha, Gray. Yellow columbine. Flowers 
458. bright yellow, erect or becoming so. New Mexico and 

Aquilegia Canadensis. Arizona, but frequent in gardens. 

aa. Spurs hooked at the end. 

A. Yulgd,ri8, Linn. Blue columbine. A European species, common in 
gardens, and often full double: flowers varying from blue and purple to 
white, with rather short and thick hooked spurs. 




XIL CRUCIFER^. Mustard Family. 

Herbs, mostly of small stature, with alternate mostly simple 
leaves: flowers 4-merous as to envelopes, the four petals usually 
standing 90 degrees apart and thereby forming a cross (whence 
the name CrucifersB or " cross -bearing" ) i stamens usually 6, two 
of them shorter: fruit a silique or silicle. A- very natural or 
well-marked family, with about 180 genera and nearly 2,000 species. 
Familiar plants are mustard, shepherd's purse, honesty, cress, 
pepper-grass, wallflower, stock, cabbage, turnip, radish, horse-radish. 

A. Fruit a silique (much longer than broad). 

B. Silique tipped with a long point or beak, extending 
beyond the valves, the latter often more than 

1-nerved 1. Brassica 

BB. Silique not prominently beaked beyond the valves, each 

valve strongly 1-nerved 2. Barbarea 
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AA. Fniit a silicle (short and broad). 

B. Partition in the pod parallel to the sides 3. Alyssum 

BB. Partition crosswise the pod. 

c. Pod obcordate, many-seeded 4. Capsella 

cc. Pod orbicular, 2-seeded 5. Lepidium 

1. BBASSICA. Mustard. 

Erect branchy herbs, mostly annual, with more or less lyrate lower 
leaves, and small yellow flowers in racemes or panicles: petals clawed or 
narrowed below, the limbs spreading horizontally: silique narrow, 
cylindrical or 4-angled, the valves 1-5-nerved and the seeds in 1 
row in each locule. Cabbage, cauliflower, and turnip also belong to 
this genus. The three following are common weeds introduced from 
Europe. 

B. nigra, Eoch. Black mustard. Fig. 459. Leaves pinnatifld, 
somewhat hairy: pod short, strongly 4-angled, not hairy. Mustard 
(flour) comes largely from this species. 

B.' tiba, Boiss. White mustard. Leaves pinnatifld and rough- 
hairy : pods rather slender, hairy,but only the lower part seed-bearing. 

B. Sinapistrum, Boiss. Charlock. Leaves strongly toothed : pod 
knotty, hairy or smooth, the upper third indehiscent and 2-edged. 

2. BABBAB£:A. Winter Cress. 

Low herbs, blooming in early spring, with many small light 
yellow flowers, and lyrate leaves with the terminal division much the Brassica 
largest: pod cylindrical or somewhat 4-angled, the valves having nigra, 
a strong midvein : seeds in a single row. 

B. Yulgd.ri8, R. Br. Common winter cress. Yellow rocket. Biennial, 
about 1 ft. high, with smooth foliage and flowers in elongating clusters : 
lower leaves lyrate, upper ones cut or merely toothed. Low grounds. 

3. AL'f SSUM. Alyssum. 

Small plants, mostly trailing, with entire and small 
leaves: pod small, orbicular, one or two seeds in each 
locule: flowers in elongating racemes. 

A. maritimum, Linn. Sweet alyssum of the gardens 
H^^ f^ (from Europe). Fig. 460. Annual, producing a profusion 
^ ^ of small white, fragrant flowers. 

4. CAPS£LLA. Shepherd's Purse. 

/^ \ ?/#!,<>/ ^^^ short-lived annuals, with very small white flow- 

^^,^j^\V5^ ers in racemes : pod obcordate or inversely triangular, the 

■^-^ (p^^2^ partition running across the narrow diameter, containing 
several seeds. 
*m riUm^i^™ ^' Btosa-pastdris, Moench. Common shepherd's 

purse. Fig. 259. One of the commonest little weeds: 
root leaves pinnatifld Or strong-toothed, in a rosette, the stem leaves arrow- 
shaped. Europe. 
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6. LEFtDIUM. Pepper Grass. 

Small stiffish annuals (or biennials), which shed their leaves late in the 
season: flowers very small, white or greenish, in elongating racemes: pod 
small and roundish, the partition running across the narrow diameter. 
Plant peppery to the taste. 

L. Virsrinicum, Linn. Common pepper grass. About 1 ft. high, much 
branched, glabrous: leaves linear to lanceolate, tapering to the base, the 
lower mostly pinnatifld. Common weed; often fed to canary birds. 



XIII. MALVACE^. Mallow Family. 

Herbs or shrubs (trees in the topics) with alternate, mostly 
simple leaves which have stipules : flowers perfect and regular, 
5rmerous, often subtended by a calyx -like involucre, the petals 
5: stamens many, united in a column which closely surrounds 
the several styles^ ovaries several, connivent into a ring or some- 
times united into a compound pistil, in fruit making 1- seeded 
1-loculed more or less indehiscent carpels or a several- loeuled cap- 
sule. About 60 genera and 700 species. Representative plants are 
mallow, hollyhock, abutilon, hibiscus, althea, okra, cotton. 

A. Anthers borne only at the top of the stamen-tube. 

B. Fruits 1-seeded, forming a ring at the base of the styles. 

c. Involucre of 3 bracts 1. Malva 

cc. Involucre of 6-9 bracts 2. A Ithcea 

BB. Fruit of several-seeded carpels 3. Ahutilon 

AA. Anthers borne all along the side of the stamen-tube 4. Hibiscus 

1. MALVA. Mallow. 

Herbs, with a 3-leaved involucre like an extra calyx: petals obcordate: 
carpels many in a ring, separating at maturity, 1-seeded and indehiscent: 
leaves usually nearly orbicular in general outline. 

M. rotundifdlia, Linn. Common mallow. Cheeses. Fig. 224. Trail- 
ing biennial or perennial, rooting : leaves orbicular, indistinctly lobed , 
toothed : flowers small, white or pinkish, clustered in the axils. Yards 
and roadsides; from Europe. A common weed. 

2. ALTHEA. Marsh Mallow. 

Differs from Malva chiefly in having a 6-9-cleft involucre. 
A. rdsea, Cav. Hollyhock. Figs. 206, 207, 235. Tall perennial, with 
angled or 5-7-lobed cordate leaves, and large flowers in many colors. China. 

3. ABtTILON. Indian Mallow. Fig. 170. 

Mostly shrubs, often with maple-like leaves, and no involucre to the 
flower: ovaries and fruits several-seeded. Contains conservatory plants. 
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A. striatum, Dicks. Flowering maple. Fig. 461. Shrub: leaves 3-5- 
lobed, green: flowers drooping, on long solitary axillary peduncles, bell- 
shaped, veiny-orange or red. Brazil. A conservatory and 
house plant. 

A. Thdmpsoni, Hort. Spotted flowering maple. Like the 
last, but the leaves spotted with yellow, and the column of 
stamens strongly projecting from the flower. Common in 
cultivation. 

4. HIBISCUS. Rose Mallow. 

Herbs or shrubs, with an involucre of many narrow bracts : 
stamen-column anther-bearing most of its length: styles 5, 
united: pod 5-loculed, loculicidal: flowers large and showy. ^^^- Abutilon 

H. SyriacQS, Linn. Althea of cultivated grounds. Bose striatum. 
of Sharon. Shrub lOft. : leaves wedge-ovate and 3-lobed: flowers showy, 
in various colors, in the leaf -axils in summer and fall, often double. Asia. 



XIV. GERANIACE^. Geranium Family. 

Herbs, chiefly with simple leaves : flowers perfect, in most genera 
nearly regular (but sometimes very irregular), 5-merous : stamens as 
many or twice as many as the sepals, hypogynous: ovary single, the 
locules usually as many as the sepals : fruit capsular. A most diverse 
family, often divided into several. There are about 20 genera and 700 
species. Common examples are geranium, pelargonium, nasturtium, 
balsam, jewel-weed or touch-me-not, oxalis. 

A. Flowers regular or very nearly so. 
B. Leaves simple (often deeply lobed). 

c. Anther-bearing stamens 10 1. Geranium 

CO. Anther-bearing stamens about 7 2. Pelargonium 

BB. Leaves compound 3. Oxalis 

AA. Flowers very irregular. 

B. Flower with one very long spur 4. Tropceolum 

BB. Flower hanging by its middle,with a short hooked spur .5. Impatiens 

1. GESANIUM. Cbaxesbill. 

Small herbs with forking stems and 1-3-flowered peduncles : sepals and 
petals 5 : glands on the torus 5, alternating with the petals : stamens 10, 
usually all of them with perfect anthers : fruit 5 1-seeded carpels separat- 
ing from the axis from the base upwards and curling outwards. 

G. macul&tum, Linn. Common wild cranesbill. Fig. 181. Perennial, 
1-2-ft., hairy erect: leaves orbicular, deeply 5-7-parted: petals entire, hairy 
on the claw: flower rose-purple, 1 in. across. Common; spring. 

G. Bobertiitniim, Linn, fferh Robert. Annual or biennial, 1 ft. or some- 
times less, somewhat hairy, spreading: leaves 3- or 5-divided into pinnatifid 
divisions: fls. % in. or less across, pink-red. Moist places; common. 



314 THE KINDS OF PLANTS 

2. FELABGONIUM. Geranium of gardens. 

Somewhat fleshy, strong-acented plants, differing from Geranium in 
having a somewhat 2-Iipped corolla, and stamens with anthers less than 10. 

P. hortdrum. Garden geranium. Fish geranium. Fig. 183. Stem 
somewhat succulent and hairy: leaves orbicular or reniform, crenate-lobed, 
often with bands of different colors: flowers in umbel-like clusters, deflexed 
in bud| of many colors, often double. South Africa, but of hybrid origin. 

3. 6XALIS. OXALIS. WOOD-SOBBEL. 

Low often tuberous herbs with small flowers which have no glands on 
the torus-disk: leaves digitate, of 3 or more leaflets, usually mostly radical: 
flowers (opening in sun) with 5 sepals and petals and 10 somewhat mona- 
delphous stamens, the alternate ones shorter : pod 5-loculed, often opening 
elastically. The following have 3 obcordate leaflets, closing at night. 

0. strfcta, Sav. Common yellow oxalis. Fig. 273. Stem leafy and 
branching: peduncles bearing 2-6 small yellow flowers. Common in fields. 

0. Acet08611a, Linn. Wood-sorrel. Scape 2-5 in. high, from a creeping 
rootstock : flowers white and pink-veined. Deep woods. 

0. violilcea, Linn. Scape 5-10 in. high with an umbel of several bright 
violet flowers, from a scaly bulb. Woods south, and a common window- 
garden plant. 

4. TBOFJBOLUM. Nastubtium of gardens. 

Tender, mostly climbing herbs (by means of leafstalks), with one of the 
5 petals extended into a long, nectar-bearing yellow spur: petals usually 5, 
with narrow claws, often bearded: stamens 8, of different shapes: carpels 

3, indehiscent in fruit. The following (from Peru) have peltate orbicular 
leaves (Fig. 126). 

T. md.iu8, Linn. Climbing nasturtium. Tall-climbing: flowers yellow, 
red, cream-white, and other colors: petals not pointed. 

T. minus, Linn. Dwarf nasturtium. Fig. 195. Not climbing : petals 
with a sharp point. 

5. IMPATIENS. Touch-me-not. Jewel-weed 

Soft or succulent tender herbs with simple alternate or opposite leaves 
and very irregular flowers: sepals 3 to 5, usually 4, one of them produced 

into a large curving spur : petals apparently 2, but each 
consisting of a united pair : stamens 5 : fruit 5-valved, 
elastically discharging the seeds (whence the names "Im- 
patiens " and " touch-me-not ") . 

I. Bals&mina, Linn. Garden balsam. Erect and stout, 
1-2K ft.: leaves lanceolate, toothed: flowers in the axils, 
of many colors, often full double. 

L bifldra, Walt. (J. fw?va, Nutt.). Orange jewel-weed . 
mpa lens i era. ^.^ ^^^ ^^^^ branching plant (2-4 ft.) with alternate oval 

or long-oval blunt-toothed long-stalked leaves: flowers % in. long, horizon- 
tal and hanging, orange-yellow with a red-spotted lower lip, the upper lip 
less spotted and of one piece, the two green sepals at the apex of the pedicel 
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closely appressed to the tube, the tail of the spur curled under the spur: 
pod opening elastically when ripe, throwing the seeds (the 5 valves quickly 
curling from above downwards). Common in swales. 
I. ailrea, Muhl. {I. pallida , "Suit.). Yellow jewel- 
weed. Fig. 463. Leaves usually stronger-toothed, the 
teeth usually ending in sharp points : flowers 1 in. long 
and much broader than those of I. biflora, clear yellow, 
the upper lip of two parts, the lower also of two parts 
and nearly horizontal, the 2 sepals at apex of pedicel 
large and not closely appressed, tail shorter : pods as 
in the other. Less common than the other, but often ^ 

growing with it. 463. Impatiens aurea. 




XV. SAPINDACE^. Soapberry or Maple Family. 

Trees or shrubs, of various habit: flowers polypetalous or apeta- 
lous, often inconspicuous, 4- or 5-merou8: stamens 10 or less, borne 
on a fleshy ring or disk surrounding the single 2-3-loculed pistil: fruit 
a pod or samara. A various family, largely tropical. Genera about 
75, and species about 600 to 700. Maple, box-elder, buckeye, horse- 
chestnut, bladder-nut, are familiar examples. 

1. ACEB. Maple. Box-elder. 

Trees or shrubs, with opposite lobed or parted leaves (pinnate in box- 
elder): flowers small and greenish or reddish, in early spring and often 

from winter buds, in box-elder dioecious, in true maples 
perfect (or imperfectly diclinous): calyx about 5-cleft: 
petals 5 or none: stamens usually 3-8: fruit a samara 
with 2 sieeds and 2 wings. Two shrubby woods maples 
are common in some parts of the country. 

a. Maples: leaves simple, palmately lobed, 
b. Flowers from lateral winter buds , preceding the 
leaves: fruit maturing very early, 
A. saccharlnum, Linn. {A, dasycarpum, Waugh). 
WTiite or silver maple. Fig. 404. Fow- 
ers greenish, with no petals: leaves 
very deeply 5-lobed, silvery white beneath, the narrow 
divisions lobed and toothed: fruit with large spreading 
wings, downy when young. Common along streams and in 
low grounds; much planted. There is a cut-leaved form 
known as Wier's maple, popular as a lawn tree. Wood 
white. LinnaBus thought it to be the sugar maple, hence 
his name **saccharinum." 

A. rdbmm, Linn. Bed, soft, or swamp maple. Fig. 465. 
Tree usually of only medium size: flowers red, with narrow-oblong petals: 




464. 
Acer saccharlnum. 




465. 
Acer rubrum. 
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leaven rather small, not deeply 3-5-lobed, whitish beneath, the lobes serrate 
and toothed: fruit with nearly parallel or slightly spreading wings, not 
downy. Low grounds. 

bb. Flowers in clusters^ with the leaves, some or all on shoots of 

the season, 

A. B&cchanun, Marsh. (A. saccharinum of some). Sugar , hard, or rock 
maple. Figs. 129, 466. Flowers greenish, drooping, on long pedicels, the 
petals none and the calyx hairy at the top : leaves 
bright green, firm, cordate-orbicular in outline, 
3-lobed and the side lobes again lobed, all lobes 
and teeth ending in points, the basal sinus broad 
and open: wings of fruit somewhat spreading. 
Commonest of maples east. 

A. nigrum, Michx. Black sugar maple. ^- ^^®^ saccharum. 
Fig. 467. Foliage dark and limp, the lobes broad and shallow, little toothed 
and with only blunt points, the basal sinus nearly or quite closed : -wings of 

fruit nearly parallel, large. Eastern Central 
States ; by some regarded as a form of A. . sac- 
charum. 

A. platanoldes, Linn. Norway maple. Figs. 
75, 76, 77, 144, 296-303. Flowers late, in umbel- 
like clusters, yellowish green, large, with both 
467. Acer nigrum. sepals and petals : leaves large and heavy, 3-5- 

lobed and much toothed, all parts ending in points : fruit with wide-spread- 
ing wings. Europe. Commonly planted: has milky juice and a round, 

dense head. 

aa. Box-elder: leaves pinnate. 

A. Negdndo, Linn. {Negundo aceroides, Moench). Box-elder. Tree 
with green glaucous twigs and leaf -bases covering the buds : flowers in long 
racemes, dioecious, with 4-5-cleft calyx and no corolla, and 4-5- stamens, the 
sterile flowers on long, slender pedicels : leaves pinnate, with 3-5 ovate- 
pointed toothed leaflets: fruit with somewhat incurving wings. Common: 
much planted in cold and dry regions west. 



XVI. LEGUMINOS^. Pulse or Pea Family. 

Herbs, shrubs, or trees, mostly with pinnately compound alter- 
nate leaves: flower papilionaceous in the species described below: 
fruit typically a legume. A vast family and widely dispersed, with 
many tropical species. Genera about 400, and species about 6,500. 
By some authors, the species with papilionaceous flowers are separated 
into the family Papilionaceee, and those of the acacia tribes, with 
regular flowers, as the MimosacesB. Familiar leguminous plants are 
pea, bean, lupine, clover, alfalfa, vetch, wistaria, locust, red-bud. 
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A. Shrub, twining 1. Wistaria 

AA. Herbs. 

B. Plant climbing by tendrils. 

c. Calyx leafy lobed 2. Pisum 

cc. Calyx not leafy lobed 3. Lathyrtis 

BB. Plant not tendril-bearing. 

c. Leaves digitate, of 3 leaflets 4. Trifolinm 

cc. Leaves pinnate (terminal one-stalked, and the stalk 
jointed), of 3 leaflets. 

D. Flowers small, in very slender racemes 5. Melilotus 

DD. Flowers small to medium, in heads or short spikes. 6. Medicago 
DDD. Flowers medium to large, clustered at the joints of 
raceme. 

E. Keel of corolla coiled into a spiral 7. Phaseolus 

EE. Keel curved but not coiled 8. Vigna 

1. wistAbia. 

Tall shrubby twiner, producing long, dense racemes of showy flowers : 
leaves pinnate, with several or many leaflets: 2 upper calyx-teeth shorter: 
standard large and roundish : pod knotty, several-seeded. 

W. Chindnsis, DC. Wistaria. Popular climber for porches, from 
China, with large drooping racemes of bright blue (sometimes white) pea- 
like flowers in spring and summer. 

2. PlSUM. Pea. 

Slender herbs, climbing by tendrils which are homologous with leaflets: 
leaves pinnate, with 1-3 pairs of foliar leaflets, and very large leafy stipules: 
lobes of calyx leafy: flowers large, white or pink, on axillary peduncles: 
pod a typical legume, several-seeded. 

P. Batlvom, Linn. Garden pea. Figs. 190, 284. Smooth and glaucous: 
leaflets usually 2 pairs, broad-oval: peduncles 2- or more-flowered. Old 
World. 

3. LATHTBUS. Vetchling. 

Much like Pisum, differing chiefly in very technical characters, but best 
told in general by the narrow leaflets and pods, and not leafy calyx. 

L. odor&tUB, Linn. Sweet pea. Figs. 165, 222. Annual, the stem hairy: 
leaflets one pair, narrow-oval or oblong: flowers 2 or 3 on a long peduncle, 
very fragrant, in many colors. Southern Europe. 

L. latifdliofl, Linn. Everlasting pea. Fig. 246. Perennial of long 
duration, smooth, the stems winged: leaflets one pair, long-oval: flowers 
many in a dense cluster on long peduncles, rose-purple and white. Europe. 

4. TBIFOLIUM. Clover. 

Annual or perennial herbs with digitate leaves of 3 leaflets (all 3 leaflets 
joined directly to top of petiole): flowers small, with bristle-form calyx- 
teeth, in dense heads: fruit a 1- to few-seeded little pod which does not 
exceed the calyx. 
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a. Flowers sessile in the dense heads. 

T. praMnse, Linn. Common red clover. Fig. 82. Erect, 1-2 ft., with 
oval or obovate leaflets which have a pale spot or band near the center and 
usually a notch at the end: flowers rose-red, honey-sweet, the 
heads closely surrounded by leaves. Europe, but common every- 
where in the North. 

T. mddiuni, Linn. Medium red clover. Larger, the stem less 
straight, the leaflets oblong, entire and with a spot: head stalked 
above the uppermost leaves. Otherwise like the last. 




468. 

Trifolium 

incamatam. 



aa. Flowers short-stalked in the heads. 

T. h^bridum, Linn. Alsike clover. Slender, from a prostrate 
base, 1-3 ft. : leaflets obcordate : head small and globular, light 
rose-colored. Europe. 

T. rdpens, Linn. White clover. Small, the stems long-creep- 
ing and sending up flowering stems 3-12 in. 
high: leaflets obcordate: heads small, white. 
Common ; native, also European. 

T. incam&tum, Linn. Crimson clover. 
Fig. 468. Stout, hairy, erect plant, 1-2X ft., with ob- 
ovate-oblong leaflets and brilliant crimson flowers in a 
long stalked head. Europe; now frequently cultivated. 

5. MELILOTUS. Sweet Clover. 

Tall erect annuals or biennials, with sweet-scented 
herbage and small white or yellow flowers in numerous 
open racemes: leaflets 3, oblong: pod ovoid, somewhat 
exceeding the calyx, 1-2-seeded. 

M. &lba, Linn. White sweet clover. Bokhara 
clover. Two to 5 ft. tall, smooth : leaflets truncate: 
flowers white, the standard longer than other petals. 
Europe; common on roadsides. 

M. officinalis, Linn. Yellow sweet clover. Fig. 469. 
Leaflets obtuse : flowers yellow. Leas common than 

the other. 

MEDICAGO. ^' ^^- ^«1^1«*^« ^^a- 





6. 



Medick. 



Clover-like plants with small flowers in heads or 
short spikes and toothed leaflets : particularly dis- 
tinguished by the curved or coiled pod. 

M. satlva, Linn. Alfalfa. Lucerne. Fig. 470. 
Erect perennial, with ovate-oblong leaflets and short 
spikes or dense racemes of blue-purple flowers. Eu- 
rope, but grown for forage. 
470. Medicago saliva. jj^ lupulina, Linn. Hop clover. Black medick. 

Trailing clover-like plant, with obovate leaflets and yellow flowers in heads 
or very short spikes: pod black when ripe. Europe; conunon weed East. 
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7. FHASfiOLUS. Bean. 

Tender herbs, often twining, the flowers never yellow, and the pinnate 
leaves of 3 leaflets : flowers usually in clusters on the joints of the raceme 

or at the end of the peduncle, the keel (in- 
closing the essential organs) coiling into 
a spiral: fruit a true legume. 

P. vnlgilriB, Linn. Common bean. 
Figs. 282-3, 285-6, 471. Annual: twining 
(the twining habit bred out in the "bush 
beans ") : leaflets ovate, the lateral ones 472. Phaseolus 
unequal-sided: flowers white or purplish, l^nat^s- 
the racemes shorter than the leaves : pods narrow and 
nearly straight. Probably from tropical America. 

P. In]id.tii8, Linn. Lima bean. Fig. 472. Annual: 
tall-twining (also dwarf forms): leaflets large: flowers 
whitish, in racemes shorter than the leaves: pods flat and curved, with a 
few large flat seeds. South America. ^—^ 

P. multifldruB, Willd. Scarlet runner bean, Peren- ^^ 
nial in warm countries from a tuberous root, tall-twin- (J , 
ing : leaflets ovate : flowers bright scarlet (white in /^ 
the "Dutch Case-knife bean") and showy, the racemes 
exceeding the leaves : pod long and broad but not flat. 
Tropical America; cultivated for ornament and for food. 

8. VlGNA. Cow-pea. 



471. Phaseolus vulgaris. 




473. 
Vigna 

Sinensis. 



Differs from Phaseolus chiefly in technical charac- 
ters, one of which is the curved rather than coiled keel 
of the flower. 

v. Sindnsis, Endl. Cow-pea. Black pea^ Stock 
pea. Fig. 473. Long-trailing or twining, tender annual: leaflets narrow- 
ovate: flowers white or pale, 2 or 3 on the apex of a very long peduncle, the 
standard rounded: pod slender and long, cylindrical : seed (really a bean 
rather than pea) small, short-oblong. China, Japan; much grown South 
for forage. 



XVII. ROSACEA. Rose Family. 



Herbs, shrubs and trees, much like the Saxif ragacesB : leaves 
alternate, mostly with stipules (which are often deciduous): flowers 
mostly perfect and polypetalous, the stamens usually perigynous: 
stamens mostly numerous (more than 20): pistils 1 to many: fruit 
an akene, follicle, berry, drupe, or accessory. A very mixed or 
polymorphous family, largely of temperate regions, of about 75 genera 
and 1 ,200 species. By some writers divided into three or four families. 
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Common rosaceous plants are rose, strawberry, apple, pear, plnm, 
peach, cherry, blackberry, raspberry, spirea, ciiiquefoil. 

A. Herbs (those described he1ow(. 

B. Torus not enUrging: flowera trom at«ma 1. PoteHlilla 

BB. Toma becoiuing fleshy: flowers directly trom the crown 

or root 2. Fragaria 

AA. Shrubs or trees. 

B. Orarj*], free from thecalyi and torus, becoming n drupe. 3. Prunug 
BB. Ov&ries mftiiy, free from the calyi uid torus, becoming 

drupelets 4, Jiubvt 

BBB. Ovariea many, becoming akenes inside a holluw torus 5. Roaa 

BBBB. Ovariea 5, immersed in the torus 6. Pgrui 

1. POTSmllLA. FlVE-FlNQEB. CltnjDBPOll,. 

Herbs (sometimes shrubby) with flat deeply 5-cle(t calyx and 5 bracts 
beneath it, and 5 obtuse, mostly yellow or white petals: stamena mray: 
fruit an akeoe, of which there many in a little head ou the small dry 
torus: ieavea compound. 

P. Horrigloa, Linn. An erect |l-2 (t- tall] very hairy and coarse an- 
nual, with 3 oborate or oblong setrate leaflets and small flowers in which 
the yellow corolla is asuaiiy not so large as the calyx. Common weed. 
F. CanadiBEll, Linn. Common five-finger. Trail- 
ing, strawberry-like, with 3 narrow leaflets, but the 
' lateral ones deeply tobed' flowers solitary on axillary 

peduncles, bright yellow. Fields; common. 
2. FEAGAEIA. Strawberbt. 

Low perennials with 3 broad-toothed leaflets and 
B few flowers on radical peduncles: torus enlarging in 
fruit, usually becoming fleshy. 

r. V6>ea, Linn. Fig. 474. Small, very sparsely 
4U. FiagBiiB vesca. jj^j^y^ (^e leaves thin and rather light green, very 
sharply toothed: flower-cluster overtopping the foliage, small and erect, fork- 
ing; fruit slender and pointed, light colored 
(sometimes white), the akenea not sunk Id the 
flesh. Cool woods; common North. 

F. VirKiniina, Duch. Common field strato- ;^^^\^ 
berry. Fig. 47.^. Stronger, darker green, loose- ■ ISti^ 
hairy, the leaves with more sunken veins and 
larger and firmer; flower-cluster slender but not 
oTertopping the leaves, in fruit with drooping 
pedicels: fruit globular or broad-conical, with 
akenea sunk in the flesh, light colored. Very- 

475. Fragana VirElulana. 

F. Chilo6nsi>, Duch. Garden alrnu-berry. Pig. 2(it. Low and sprpa 
Ing but stout, the thlclt leaves somewhat glossy above and hluish whi 
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476. PnmTis Persica. 



beneath, rather blunt-toothed: flower-clusters short, forking, the pedicels 
strong and long: fruit large and firm, dark colored, with sunken akenes. 
Chile. 

3. FBtNUS. Peach. Plum. Cherry. 

Trees and shrubs, mostly flowering in early 
spring: sepals, petals and stamens borne on the rim 
of a saucer-shaped torus, the calyx with 5 green 
spreading lobes and the petals 5 and obovate: pis- 
til 1, sitting in the bottom of the flower, the ovary ripen- 
ing into a drupe : leaves alternate. 

< 
a. Peach and apricot : flowers solitary from lateral win- 
ter buds J usually appearing before the leaves. 

F. F6rsica, Sieb. & Zucc. Peach. Fig. 47G. Small 
tree, with oblong-lanceolate pointed serrate leaves and sol- 
itary fujnsy fruits on last year's wood. China. The nec- 
tarine is a smooth-fruited form. 

F. Armenlaca, Linn. Apricot. Fig. 477. Leaves ovate 
to round-ovate, serrate: fruits solitary, on last year's shoots or on spurs, 
smooth or nearly so. China. 

aa. Plums: flowers in umbel-like clusters: fruit large and smooth^ usually 
with a distinct suture (or ^crease") on one side and covered with a 
^^ bloomy^ the stalk short. 

F. dom6stica, Linn. Common plum. Figs. 194, 262. Small tree, usually 
with young shoots downy: leaves thick and relatively large, dull dark green, 
ovate, oval or obovate, very rugose or veiny, somewhat pubescent beneath, 
coarsely and unevenly serrate: flowers large: fruits various, usually thick- 
meated and with heavy "bloom." Europe, Asia. 

F. Americ&na, Marsh. Wild plum of the North. Fig. 478. Twiggy 
small tree, often thorny, the young shoots usually not downy: leaves obo- 




477. Prunus 
Armeniaca. 





478. Pruuus Americana. 479. Prunus angastifolia. 

vate, dull green, abruptly pointed, coarsely toothed or jagged, not pubescent 
beneath : fruit small, red or yellow, tough-skinned and glaucous, the pit 
large and flattened. Common in thickets : improved forms are in cultivation. 



U 
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F. knsilltiUUa, Uarsh. Chickasaw plum. Jfounfafn cherry. Fig- 4^- 
Smaller, the foung i^rowtbn smootb and ilgtog and usually reddish: leacr^ 
lanceolate to oblang-lanceolAte. otlen trough -shaped, shining, finely serrate, 
cherry-like: fruit a small thln-Seshed shining plum on 
a long pedicel. Delaware, south ; also in cultivation. 
aaa. Chtrriei: noteen in umbel-like rlusteri ; trnil 
imaU and nearly globular, early -ripening, mil- 
ally without a prominent lulure and "bloom,' t\i 
ilatk iltnder. 
P. GinEDi, Linn. Sour cherry. Round-headed 
tree, nlth Sowers In small clusters from iHteral bnda: 
480 Prnnnn Avinm '^'"'68 hard and stifflsh, shortoTala or obovate, gray- 
ish green, serrate: fruit bdibII, sour. Europe. 
P. Avium, Linn. Smeet cherry. Pig. 480. Strt^gbt grower, the "leader" 
prominent In young trees, with flowers In dense clusters from lateral apnrs: 
leaves oblong-ovate, dull and soft, on the young growths hanging : fruit 
usually rather large, sweet. Europe. 

4. BOBIIS. Braublb. 

Shrubs, usually thorny, the canes or shoots dying after fruiting, with 
allemate digltslely compound leaves : flowers white, In elust«rs, with 
5-parted calyx and 5 petals: ovaries many, ripening into coherent drnpelets. 

a. RaapberritK: drupelet) or berry separating from the torus. 

B. Mdd«nUliB, Linn. Black raspberry. Pigs. 128, 263. Canes long 
and thorny, glaucous, rooting at the tips late in the season : leaves of mostly 
3 ovate doubly -toothed leaflets : flowers in close, umbel-like clusters : fruits, 
firm, black (sometimes amber-color] . Woods, and common in cultivation. 

B. ItrlgAiUB, Michi. Sed raspberry. Canes erect and weak- prickly, 
more or less glaucous, not rooting at tips, leaflets oblong-ovate: Sowers In 
racemes: traits soft, red. Woods, and cultivated. 

aa. Blackberries: drupelets adhering to the tortu (the torus forming the 
-core'' or the berry). 

B. nigrob&CCUl, Bailey (S. villoaus of some). Common blackberry. 
Tall, very thorny ; leaflets 3 or 5, ovate and pointed, toothed, hairy beneath : 
flowers large, in open racemes: fruit thimble -shaped and Arm, black when 
ripe. Woods, and cultivated. 

B. Ttllinu, Ait. IB. Canadensis of some). IfoTthem dewberry. Trail- 
ing and rooting at tips, prickly; leaflets 3-7, ovafe-acuminate or oblong-ovate, 
toothed: flowers 1-3, on erect, short peduncles, large: (rait like a small and 
shining blackberry. Sterile flelds, and in cultivation. 

B. MtUUb, Michi. Southern dewberry. Fig, 158. Long-trailing, 
very thorny and bristly; leaves 3-5, more or less evergreen, mostly lance- 
oblong and small, strong-toothed: flowers 1-3: fruit black. Sands, VIr- 
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5. BOSA. Rose. 

More or less thorny erect or climbing shrubs with pinnate wing-petioled 
leaves, and flowers with 5 calyx-lobes and 5 large rounded petals: pistils 
many, becoming more or less hairy akenes which are inclosed in a hollow 
torus (fruit becoming a hip. Fig. 265). Most of the garden roses are too 
difficult for the beginner: they are much modified by the plant-breeder. 

B. Carolina, Linn. Swamp rose. Tall, often as high as a man, the few 
spines usually nearly or quite straight: stipules (petiole wings) long and 
narrow: leaflets 5-9, narrow-oblong and acute, finely serrate: flowers rather 
large, rose-color. Swamps. 

B. Itlcida, Ehrh. Usually low, with stout hooked spines : stipules rather 
broad: leaflets about 7, smooth and mostly shining above: fiowers large, 
rose-color. Moist places. 

B. htunilis, Marsh. Three feet or less tall, with straight, slender spines : 
stipules narrow: foliage usually less shining. Dry soils. 

6. FtBUS. Peae. Applb. 

Small trees or shrubs with alternate leaves, and flowers in clusters in 
spring: fiowers 5-merous: ovaries usually 5, immersed in the torus, the 
styles free. 

P. comm^xiiB, Linn. Pear. Figs. 63, 101, 102, 182, 266. Leaves ovate, 
firm and shining, smooth, close-toothed: fruit tapering to the pedicel. 
Europe. 

P. M&liu, Linn. Apple, Figs. 67, 267, 268. Leaves ovate, soft, hairy 
beneath, serrate : fruit hollowed at the base when ripe. Europe. 



XVIII. SAXIFRAGACE^. Saxifrage Family. 

Herbs or shrubs of vafious habit, with «oppo8ite or alternate 
leaves that usually do not have stipules : flowers with ovary mostly 
inferior, 5-merous, the stamens usually 10 or less (in a few cases 
as many as 40): pistils 10 or less^ either separate or the carpels 
united, the fruit a follicle, capsule, or berry. A polymorphous family 
comprising some 600 species in about 75 genera. Comprises saxifrage, 
mitre-wort, hydrangea, mock orange, currant and gooseberry. 

A. Leaves opposite 1. Philadelphus 

. Leaves alternate 2. Mihea 



1. PHILADSLFHUS. Mook Obanob (from the fiowers). Syrinoa. 

Shrubs with showy corymbose or paniculate white fiowers and opposite 
simple leaves : petals 4 or 5 : stamens 20 or more : ovary 3-^-loculed, becom- 
ing a capsule. 

P. ooron&rias, Linn. Tall shrub with erect branches : leaves oblong- 
ovate and smooth: fiowers cream*white, fragrant, in close clusters, in late 
spring. Europe. 
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P. gnndUUnu, W111<t. Tall, with long recurving brBncbcB : leaves 
ovato-pointod and somewhat downy beneath: flowers pnre white, Hcenlleaa, 
In loose cluBtera. Virgiaia. BOuth, and planted. 
2. ElBES. OoosiBiBBT and Curbant. 

Low shrubB, often prickly, with alternate digitately lobed leaves: 
flowers small: sepals 3 and petal-like, on the ovary: petals and stamens 5. 
borne on the calyi; fruit a small globular berry. 

a. Oeoieberriti; flotceri IS: tiiually ipinei beloia Ihe leave*. 

B. OxyauntholdaB, Linn, Small busb, with long, graceful branches 
and very short thoms or none; leaves thin, orbicular-ovate, about 3-lobed, 
the edges thin ami round -tool h ed : flowers on very short peduncles, the 
calyx-lohepi lon^r than the calyx-tube, the ovary and berry snkootb, the 
fruit reddish or green. Swamps X. ; parent of Houghton and Downing 
gooseberries. 

B. Onnndiria, Linn. fnirtiiA gooaeherry. Stiffer and denser bush, 
with flrmand tbiclilsh more shining leaves, which have revotule margins: 



4S1. Ribes nibrum. iif2. Kibes Ameriisoum. 4S3. Rib«B snrenn). 

ovary downy and the large fruit pubescent or bristly. Europe; parent of 
the large-fruited gooseberries. 

B. CynOlbatl, Linn. Tall, open, prickly bush, with thickish bluntly 
3-lobed downy leaves and long peduncles bearing 3 Or more flowers with 
calyx-lobes shorter than the tube: leaves rounded and 3-lobed: (rult dull 
purple, either prickly or smooth. Common in dry places. 

B. rAbnm, Linn. Sed and white cHminf. Fig. 481. Erect bush, with 
broad-cordate 3-5-lobed leaves with roundish lobes and not strong- smelling: 
racemes drooping, the flowers greenish and nearly flat open: berries (cur- 
rants) red or white. Europe. 

B. nlBTODl, Linn, Slack citrrant. Stronger bush, with strong-seented 
leaves and larger oblong or bell-shaped flowers with bracts much shorter 
than the pedicels: berries black and strong- smelling. Europe. 

B. &n«ric&niun. Marsh. [E. thrldiim, L'Her). Wild black currant. 
Fig. 482. Straggling bush, with beart-sbaped 3-5-lobed doubly serrate some 
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what scented leaves : flowers in long racemes, whitish, with bracts longer 
than the pedicels: fruit black, scented. Woods. 

B. atureum, Pursh. Golden^ buffalo, or flowering currant. Fig. 483. 
Large bush, with racemes of long-tubular yellow very fragrant flowers : fruit 
blackish. Missouri, west, but common in gardens for its flowers. 



XIX. UMBELLIFER^. Parsley Family. 

Herbs, mostly strong- scented and with compound alternate 
leaves with petioles expanded or sheathing at the base : flowers 
small, mostly perfect, 5-merous, epigynous, in umbels or umbel-like 
clusters: stamens 5: fruit consisting of two carpels, which are dry 
and seed-like and indehiscent. A well-marked natural family of 
about 1,500 species in about 160 genera. Some of the species are poi- 
sonous. Here belong parsley, parsnip, carrot, celery, caraway, sweet 
cicely. Bather difficult for the beginner. 

A. Fruits bristly 1. Daucua 

AA. Fruits not bristly. 

B. Carpels or " seeds " winged 2. Pastinaca 

BB. Carpels wingless. 

0. Axis from which the carpels separate not splitting in 

two 3. Apium 

CO. Axis splitting in two when the carpels or " seeds " fall. 4. Carum 

1. DAt^CUS. Carrot. 

Annuals or biennials, bristly, slender and branching, with small white 
flowers in compound umbels, the rays of which become inflexed in fruit: the 
fruit oblong, ribbed and bristly. 

D. Cardta, Linn. Carrot. Fig. 180. Leaves pinnately decompound, the 
ultimate segments lanceolate: outer flowers with larger petals. Europe; 
cultivated for the root, and extensively run wild. 

2. PASTINACA. Parsnip. 

Tall, smooth biennials of strict habit and with pinnately compound 
leaves : flowers yellow, in compound umbels with scarcely any involucres : 
fruit oval, very thin, wing-margined. 

P. latlva, Linn. Parsnip. Flowering stem 2-4 ft. tall, grooved, hol- 
low: leaflets ovate or oblong, sharp-toothed. Europe; cultivated for its 
roots and also run wild. 

3. APinM. Celery. 

Annuals or biennials, with large pinnate leaves: flowers white, in small 
umbels: fruit small, usually as broad as long, each carpel 5-ribbed: axis 
from which the carpels fall not splitting in two. 
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A. graytoleni, Linn. Celery. Biennial, smooth : leaflets 3-7, wedge- 
shaped or oboyate, the lower ones about 3-divided, round- toothed. Europe; 
cultiyated for its petioles, which have become greatly enlarged. 

4. CABUM. Cabawat. 

Slender and erect, smooth annual and biennial herbs with pinnate 
leaves: flowers white or yellowish, in compound umbels provided with in- 
volucres: axis bearing the carpels splitting in two at maturity. 

C. Cirni, Linn. Caraway. Stem furrowed, 1-2 ft. : leaves cut into 
thread-like divisions: flowers white. Europe. Cultivated for its fruits, 
known as *^ Caraway seed," and also run wild. 

C. PetroMlixram, Benth. Parsley. One to 3 ft. : leaflets ovate and 3-cleft, 
often much cut or ** curled " in the garden kinds : flowers yellowish. Europe. 



oc. GAMOPETALJE. 

XX. LABIAT-S:. Mint Family. 

Herbs, usually of aromatic scent, with 4 -cornered steins and 
opposite usually simple leaves: flowers typically 2 -lipped: stamens 
4 in 2 pairs, or only 2: ovary deeply 4-lobed, forming 4 indehiseent 
nutlets in fruit. A well-marked family of some 2,700 species, dis- 
tributed in about 150 genera, of both temperate and tropical regions. 
To this family belong the various mints, as peppermint, spearmint, 
catnip, hyssop, thyme, pennyroyal, savory, rosemary, sage, hore- 
hound, balm, basil. Flowers mostly in whorls in the axils of leaves 
or bracts, sometimes forming interrupted spikes. 

A. Stamens 2. 

B. Calyx about equally toothed, hairy within 1. Afonarda 

BB. Calyx 2-lipped, naked within 2. Salvia 

AA. Stamens 4. 

B. Corolla scarcely 2-lipped 3. Mentha 

BB. Corolla strongly 2-lipped. 

c. Calyx 2-lipped 4. Brunella 

00. Calyx nearly or quite regular. 

D. Upper or inner pair of stamens longer 5. Nepeta 

DD. Lower or outer pair longer. 

E. Tube of corolla including the stamens 6. Marruhium 

EE. Tube with stamens projecting 7. Leonurus 

1. MONABDA. Hokse-mint. 

Bather stout, mostly perennials, with flowers in close terminal heads: 
calyx tubular, 15-nerved, hairy in the throat, the teeth nearly equal : corolla 
strongly 2-lipped, the upper lip erect, the lower spreading and 3-lobed. 



LABIATE All 

K. HltnlAM, Liiinv Two to 5 ft., in clumps; leaves ovnte-lonceolate: 
flovers in a clover-like flattiah head: calyx slightly curved: corolla about 1 
to. long, purple. Common tn dry places. 

2. BAXTU. Saoe. 

Annnals or perennials, mostly with Urge and showy flowers: ealji and 
corolla 2-lipped : upper lip of corolla large and usoally arched, entire or 
nearly so, the lower lip spreading and 3-lobed: stamens 3, short, the anther 
iocules separated by a transverse bar. 

S, oUiBltlUll, Linn. Common sage. Erect low pereimiol, with gray 
pubescent foliage: leaves oblong- lanceolate, crenulale, very veiny; flowers 
blue, in spiked whorls. Europe; used for seasoning. 

B. ipUndBoa, Sell. (S. cocfinea of gardens). SearUt 
tage. Tender perennial from Brazil, but much cultivated 
for its bright scarlet floral leaves, calyx, and corolla: leaves 
ovate -pointed. 

3. HflTTHA. Hint. 

Low perennials: calj^ with 5 similar teeth: corolla 
nearly or quite regular, 4-cleft: stamens 1, equal: flowers 
In heads or interrupted spikes, purplish or white. 

II. piperita, Linn. Peppermint. Straggling, 1-3 ft. 
tall, the plant dark colored (stems purplish) : leaves ovate- 
oblong, or narrower, .acute, sharply serrate: flowers light 
purple, in thick spikes 1-3 in. long. Europe. Cultivated 
and escaped. 

M. ■piellta.Linn. (Jf.viridia.Linn.). Sptarmint. Fig. 
481. Erect and smooth, 1-2 ft., green: leaves lanceolate 
and sharply serrate: flowers whitish or tinted, in long, in- 
terrupted spikes. Europe. Along roadsides, and cultivated. 

K. Canadtiui*, Linn. Wild mint. One to 2 ft., pubes- 
cent : leaves lanceolate : flowers tinted, in whorls in the ^ 
axils of the leaves. Low grounds. 

4. BBUII£LLA. Silf-ueal. 

Low, nsuolly unbranched perennials without aromatic odor: calyx abont 
lO-nerved, 2-lipped: corolla 2-lipped, the upper lip arched and entire, the 
lower one 3-lobed: stamens 4, in pairs, ascending under the upper Up. 

B. nag&rii, Linn. Selt-heal. Three to 10 in. tall, with ovate or oblong 
QBually slightly toothed leaves: flowers small, violet (rarely white), in k 
dense, oblong, clover-like head or spike. Common in grassy places. 
G. irfFETA. Catuint. 

Perennials, mostly sweet-scented: calyx nearly equally 5-toothed; co- 
rolla 2-lipped, the upper lip erect and somewhat concave, the lower 3-lobed; 
stamens 4, In pairs under the upper lip, the outer pair the shorter. 

H. Catirla, Linn. Cemmon catmint or catnip. Fig. 197. Erect, 2-3 ft., 
pubescent: leaves cordate-ovate, crenate, grayish; corolla tinted ; flowers In 
Interrupted spikes. Introduced from Europe. 



Hentna splcai 
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6. MABBttBIXm. HoRKHOUND. 

Erect perennials, with white-woolly aspect: calyx nearly equally 5-10- 
toothed, the teeth very sharp: corolla 2-lipped, the upper lip erect and 
notched, the lower one spreading and 3-lobed: stamens 4, included in the 
corolla-tube. 

M. vnlg&re, Linn. Common horehound. Leaves broad-ovate and cre- 
nate: flowers small, white, in dense whorls. Europe, but common. 

7. LEORt^BUS. Motherwort. 

Erect perennials with green aspect: calyx about equally 5-toothed, the 
teeth becoming spine-like: corolla 2-lipped, the upper lip somewhat arched 
and entire, the lower spreading and 3-lobed: stamens 4, ascending under the 
upper lip: nutlets 3 -angled. 

L. Cardlaca, Linn. Common motherwort. Tall: leaves rounded and 
lobed : corolla^ purple, the upper lip bearded : flowers in axillary whorls. 
Introduced from Europe. Common. 

• 

XXI. CONVOLVULACE^. Convolvulus Family. 

Herbs, mostly twining, with alternate chiefly simple leaves: 
flowers regular, 5-merous, the tubular or trumpet -shaped corolla 
mostly twisted in the bud, the stamens 5 and borne on the corolla: 
ovary commonly 1-, mostly 2-loculed, with 2 ovules in each locule, 
becoming a globular capsule in fruit (which is sometimes 4-loculed 
by the insertion of a false partition). The family contains between 
30 and 40 genera, and nearly 1,000 species. Common convolvulaeeous 
plants are morning-glory, cypress vine, sweet potato, bindweed, 
dodder. 

A. Plants with normal foliage 1. Tpomaea 

AA. Plants leafless, parasitic 2. Cuscuta 

1. IPOM^A. Morning-glory. 

Mostly twining, with showy flowers on axillary peduncles : 
corolla with a long tube and a flaring limb : pistil 1, with one 
style, and the stigma 2-3-lobed : fruit a capsule, with l-seeded 
locules. 

a. Leaves compound, with thread-like divisions, 

I. Qu&moclit, Linn. Cypress vine. Fig. 485. Leaves pin- 
nate: flowers solitary, red, small, narrow-limbed, with pro- 
jecting style and stamens. Tropical America, but run wild 
South; also cultivated. Annual. 

aa. Leaves simple or deeply lohed, broad. 

I. Bdna-N6x, Linn. White moonflower. Fig. 486. Tall: 4^5 ipomoea 
leaves heart-shaped, or angled or lobed: flowers 1 to few, Qnamoclit. 
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white, opening once at night, with a slender tube and a large limb 
across. Trop. Amer. Perennial. 

I. piirptlrea, Roth. Morning-glory, Fig. 217. 
. broadly cordate-ovate, entire : flowers 2-4, large and 
shaped, 2-3 in. long, purple to streaked and 
white. Trop. Amer. Annual. 

I. heder^cea, Jacq. Leaves heart-shaped, 
3-5 lobed : flowers 1-3, rather smaller than those 
of I. purpurea. Trop. Amer. Annual. 

I. Batiitas, Poir. Sweet potato. Creeping: 
leaves heart-shaped to triangular, usually lobed : 
flowers (seldom seen) 3 or 4, light purple, 
funnelform, IK in. long. Tropics; 
grown for its large edible root-tubers. 




4-6 in. 

Leaves 
funnel - 



486. Ipomcea 
Bona-Nox. 



2. Ct^SCUTA. Dodder. 

Parasitic twiners without foliage (leaves reduced 
to scales) : flowers in clusters, the calyx and corolla 
with 4-5 lobes : fruit 2-loculed, 4-seeded. ( See p. 89. ) 

C. Grondvii, Willd. (Fig. 487), is the common- 
est species, twining its slender coral-yellow stems 
over coarse herbs in swales: corolla bell-shaped, 
the tube longer than the blunt and spreading lobes. 




487. Cuscuta 
Q-ronovii. 



XXII. SOLANACE^. Nightshade Family. 

Herbs or shrubs, with alternate often compound leaves : flowers 
perfect and regular, 5-merou8, mostly rotate or open -bell -shaped 
in form and plaited in the bud: stamens 5, often eonnivent around 
the single 2-loculed pistil, borne on the corolla: fruit a berry or 
capsule (the latter sometimes 4-loeuled by a false partition), the 
seeds borne on a central column. Some 70 genera and 1,500 species. 
Common representatives are nightshade, potato, tomato, husk tomato, 
tobacco, jimson-weed, petunia. 

A. Fruit a fleshy berry. 

B. Stamens witli anthers equaling or exceeding the fila- 
ments. 

c. Anthers separate, opening at top 1. Solanum 

cc. Anthers united, opening lengthwise 2. Lycopersicum 

BB. Stamens with anthers much shorter than filaments. .3. Capsicum 

AA. Fruit a capsule. 

B. Calyx 5-parted to near the base 4. Petunia 

BB. Calyx toothed, not deep-parted. 

c. Pod usually prickly, large 5. Datura 

cc. Pod not prickly, small 6. Nicotiana 
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1. SOLANUM. Nightshade. 

Perennials or annuals : calyx and corolla 5-parted, the latter rotate : 
stamens 5, exserted, the anthers separate and opening by a pore in the top : 
berry 2-loculed. 

a. Plants not prickly. 

8. tuberdsum, Linn. Potato. Figs. 42, p. 35, 219. Low, diflfnse-growing 
perennial, producing stem-tubers on slender underground rootstocks: leaves 
pinnate, the leaflets differing in size and ovate: flowers bluish: berries globu- 
lar, yellowish green. Warm temperate elevations of tropical America. 

S. nlgrrum, Linn. Common nightshade. Branchy annual, 1-2 ft., nearly 
smooth: leaves ovate, wavy-margined: flowers small, white: berries small, 
black. Waste places. 

8. Dulcamara, Linn. Bittersweet. Tall, loosely climbing: leaves cor- 
date-ovate, sometimes 3-lobed, often with 2 or 4 small leaflets at the base : 
flowers small, violet-purple: berries oval, red. Perennial. Common. 

aa. Plants prickly. 
8. Hel6ngr6na, Linn. Eggplant. Guinea squash. Fig. 261. Stout annual 
with large, ovate, somewhat angled pubescent leaves: flower large, purplish, 
the calyx prickly: fruit a very large purple or white berry (often weighing 
several pounds). India. 

2. LTCOP^BSICUH. Tomato. 

Differs from Solanum chiefly in having the anthers united at their 
tips by a membrane and opening by lengthwise slits. 

L. esoultotum, Mill. Common tomato. Fig. 186. 
Tall, hairy, strong-smelling herb, with pinnate leaves, 
the leaflets ovate and unequal-sided and of different 
sizes: flowers small, yellow, in short forked racemes: 
fruit a large red or yellow berry. South America. 

3. CAP8ICUH. Bed Pepper. 

Erect, branchy, smooth herbs: stamens with slen- 
der filaments which are much longer than the separate 

488. Capsicum aunuum. anthers, the latter opening by lengthwise slits : fruit 

globular, long or irregular, firm. 
C. dnnaum, Linn. Common red pepper. Fig. 488. Annual or biennial, 
with ovate entire leaves: flowers white, with very short-toothed or trun- 
cate calyx : fruit very various in the cultivated varieties. Trop. Amer. 

4. PET0NIA. Petunia. 

Clammy-hairy diffuse herbs : calyx-lobes leaf- 
like and much longer than the tube : corolla fun- 
nel-form, showy, the stamens not projecting : 
fruit 2-loculed, capsular. South America. 

P. nyctagjA ifldT&, Juss. White petunia. Fig. 

489. Corolla white, very long-tubed : leaves 
oval-oblong, narrowed into a petiole. Old 
gardens. 4S9. petunia nyctaginiflora. 
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P. TioUwK, Liiidl. Fig. 490. Weaker and more diffuse : i^urolta purple 
or rose, the tube short and broad; leaves ovate or oval, nearly or qaile 
sessile. The garden petimioa are mostly hybrids of the two species. 
5. DATtTKA. Jam bstown -weed or Jiuson-weed. 

Very strong bushy herbs, wifh large, long-tubu- 
lar, short-lived flowers from (he forks of the 
branches: stigma 2-parted: fruit a globular usually 

prickly capsule, opening by i valvea. S 

D. Stramdalnm, Linn. Fig. 248. Aanual, 3^ ■ 

ft., the stem green; leaves ovate, sinuate or angled: 
.. corolla wbit«. Tropics; com- 

mon weed. 

B. Titnla, Linn. Stem 
and corolla purple. 
■ 6. HICOTIAHA. tobacco. 490. Petunia. 

Tall herbs, with large Verj near the orielnal 
f usually pubescent leaves: ^- •^'"^ 

corolla funnelform or salverform, the tube usually 
long; stigma not lobed; pod 2-4-VBlved, not very 
large, contained with in the persistent calyi. 

R. lBb&onm,LInn. Tobacco. Robust annual, 4-0 
(t., with very large ovate decurrent entire leaves and 
101 Ni li I tB rose-piirple panicled Bowers. Trop. Amer. 

H. Uita, Link & Otto (JV. o/rtnia of gardens). 
Pig, 491. Slender but tall (3-4 ft.) plant with clammy-pubescent herbage; 
leaves lanceolate or obovat«, entire: flowers while, with very slender tube 
5-6 In. long, the limb unequal. Brazil; common in gardens. 

XXiri. SCROPHULABIACE^. Fiowobt Family. 

Herbs (treea in wftrm countriea), of various habit: flowers per- 
teat, irregular, usually imperfectly 5-meroua; corolla dbuoIIj 2-1ipped 
and personate: stamens 4 in 2 pairs, inserted on the corolla, with 
sometimes a rudiment of a ftfth: ovary single, 2-loeuIed, ripening 
into a Beveral- or many-seeded capsule. About 160 genera and 2,000 
species. Bepresentative plants are flgwort, snapdragon, toad-flax, 
fosglove, mullein, pentstetnon, monkey-flower or musk-plant. 

A. Corolla shallow and nearly regular 1. Verbaseum 

AA. Corolla very irregular, otlen personate. 

B. Flower with a long spur 2. Linaria 

BB. Flower apurlesa. 

D. Blossoms erect, swollen at tbe base 3. Antirrhinum 

Dt>. Blossoms drooping, not swollen, with narrow limb.. 4. Digitalis 
DDD. Blossoms not drooping, with 2-lipped limb 5. Mimului 
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1. VEBBASCUH. Mdllbin. 

Tall bienniala, with aHBmata deoturent leavea : oalyi and corolU 
5-parted, the latter shallow and nearly or qalte rotate: atameiiB 5, same or 
all of the filaments woolly. 

V. Tbipiu, Linn. Common mullein. Plga. 22, 133. Two to 5 ft, , stout 
and asuatly □nbraached, white -woolly: leaves oblong and acute, felt-like: 
'era yellow, tti a very dense aplke. Weed from Europe. 
T. HUttiria, LiQQ. Moth mullein. Slender and 

I, often laterally lobed, somewhat elaaplag : flowers 
yellow or cream-colored, iu a loose raceme. Weed from 
Europe. 

. LIHABIA. ToAD-n.Az. 

Low herbs, of various 
corolla peraonate, the throat 
IT entirely closed, spurred fr 
lower side; stamens 4: capsule opening by 
apical pores. 

L. thIkMi, Mill. Toad-Hax. Butter- 
and-eggi. FIga. 255, 492. Common perennial 
weed (from Europe), 1-2 ft., with linear 
leaves and yellow flowers In racemes. 

I. C;mbaUiIa, Mill. KtnilwoHk ivy. 
Fig. 493. Trailing : leaves orbicular, 5-7- **3- Unaria Cymbalarla. 

lobed: flowers solitary on long peduncles, lilac-blue. Europe; very ooro- 
mon in greenhouses and sometimes runs wild. 

3. UrilRBHtNim. Snapdbagon. 

Prom Llnaria differs chiefly in having do spar, but only a nwelllng at 
the base of the corolla. 

A. mijuB, Linn. Snapdragon, Fig. 220. Erect biennial or perennial: 
leaves oblong, smooth, entire: flowers erect or ascending, 2 in. long, purple 
OF white, in a raceme with downy axis. Europe. 

4. DIOITALIS. Foxdlovb. 

Stem simple and strict: leaves alternate: flow- 
ers with a long expanding tube and a very short 
indialjnctly lobed limb, the throat wholly open: 

D. puipOtea, Linn. Common foxglove. Usu- 
ally biennial, tall and stout (2-1 ft.) : leaves oblong, 
nearly or quite entire, rough and downy ; flowers 
many, drooping in a long, erect raceme, 2 In. long, 
white to purple and spotted inside. Old garden 
plant from Europe. 
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6. HtmrLUB. HOHKET-FLOWIR. 

Small herbs with opposite leaves, witb usually showy solitary Sowers 
on axillary peduncles: calyx S-augled and 5-tootbed : corottn tubular, the 
2-labed upper Up erect or spreading: stamens*: Btigma 2-lobed. 

M. rlngeiw, Linn. Wild monkey -floaer. Erect perennial, with square 
stem and oblong or lanceolate clasping serrate leaves: flowers blue or llgbt 
purple, somewhat personate. Wet places. 

M. latent, Linn. Monkey-nntcer. Tiger-flower. Pig. 4M. Annual, 
with ovate serrate leaves: flowers large, yellow, blotehed with brick -red or 
brown. Western America, and commonly cultivated. To gardeners often 
known as M, tigridioidei. 

XXIV. CAPEIPOLIACEjE. Honeisucklb Family, 

Erect or twining shrubs, or sometimes herbs, witJi oppoHite mostly 
simple leaves: flowers epigynouB, S-merouB, regular or irregular, 
tubular or rotate: stamens usually as many as tlie lobes of the corolla 
and inserted on its tube: ovary 2-5-loculed, ripening into a beny, 
drupe, or capsule. About 15 genera and 200 species. Characteristic 
plants are houeysuckle, elder, viburnum, snowberry, weigela, 
twin -flower. 

A. Corolla long-tubular I. Lonitera 

AA. Corolla shallow, usually rotate. 

B. Leaves simple 2, Vibumvn 

BB. Leaves pinnately compound 3. Sambiiinii 

I. LOHtCEKA. UoNGVsi.<CKi.B. 

Erect or twining shrubs, with tubular, (unnelform, more or less irregular 
flowers (often 2-lipped) : corolla bulglngon one aide near the base: stameus 
5; fruit a berry, usually 2 
together from 2 eontiguons 

a. Mrecl. 

L. eiUAta, Mubl. Open, 
smooth hush, 3^ ft- : leaves 
cordate -oblong, not sharp' 
pointed, entire: flowers less 
than 1 in. long, sott yellow^ 
the lobes nearly eqnal : ber- 
ries red. Common in woods. 
Blooms in very early spring. 

L. TatArica, Linn. Tartarian hoKeyauekle. Tig. 8S. Tall shrab (to 
12 ft.): leaves cordate -oval, not long-pointed, entire: flowers pink or red 
(sometimes nearly white), 2-tipfed, all the lobes oblong- Asia, but com- 
mon In yards. Spring. 
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aa. Twining. 

L. Japdnica, Thunb. (L, Halliana of gardens). Fig. 495. Weak twiner, 
with oblong or ovate entire nearly evergreen leaves : flowers small, on short 
pedicels, fragrant, opening white or blush but changing to yellow. Japan; 
much cultivated. 

L. Pericl^'iiienum, Linn. Probably the commonest of the old-fashioned 
climbing honeysuckles (from Old World) : strong and woody: leaves oblong- 
ovate, not joined by their bases, entire, dark green above and pale beneath: 
flowers large, reddish outside and yellow inside, very fragrant, in a dense, 
long-stalked cluster. 

2. VIBtBNUH. Areowwood. 

Erect shrubs, with simple leaves and small whitish flowers in broad 
cymes : stamens 5 : stigmas 1-3 : fruit a small 1-seeded drupe 

a. Flowers all alike in the cyme. 

V. Lent&go, Linn. Black haw. Sheepberry. Fig. 279. Tall shrub 
(to 20 ft.): leaves ovate-pointed, finely and sharply serrate, shining above, 
on long margined petioles : fruit K in. or more long, black. Common. 

V. acerfdlium, Linn. Dockmackie. Arrowwood. Six ft. or less : leaves 
3-lobed and maple-like, downy beneath: cyme small and slender-stalked: 
fruit flat and small. Woods. 

aa. Flowers larger on the margin of the cyme. 

V. OpuliiB, Linn. High-hush cranberry. Erect, 10 ft. or less: leaves 3- 
lobed and toothed : outer flowers sterile and large : fruit an acid red edible 
drupe. Swamps. In cultivation all the flowers have become sterile, result- 
ing in the "snowball." Compare Figs. 236, 237. 

V. tomentdsum, Thunb. ( V. plicatum of gardens). Japanese snowball. 
Leaves not lobed, shallow-toothed, thickish, plicate: heads of sterile flowers 
axillary, globular. Japan. 

3. SAMBtCUS. Elder. 

Strong shrubs, with pinnate leaves and sharp-serrate leaflets : flowers in 
dense corymbose cymes : calyx -teeth very small or none: corolla shallow, 
open: stamens 5: stigmas 3: pith prominent in the stems. Common. 

S. racemdsa, Linn. Bed elder. Pith and berries red: flowers in spring 
in pyramidal clusters : leaflets lanceolate, downy beneath. 

S. Canaddnsis, Linn. Common elder. White elder. Pith white : berries 
black-purple, in late summer, edible: flower-clusters convex or nearly flat, 
in summer: leaflets oblong, smooth. 

XXV. COMPOSITE. Composite or Sunflower Family. 

Mostly herbs, many of them very large, very various in foliage : 
flowers small, densely packed into an , involucrate head, 6-merous, 
the corolla of tho outer ones often developed into long rays: stamens 
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5, the anthers united around the 2 styles: fruit dry and 1 -seeded, 
iudehiscent, usually crowned with a pappus which represents a 
calyx. The largest of all phenogamous families, comprising about 
one -tenth of all flowering plants, — about 800 genera and 11,000 to 
12,000 species. Common composites are sunflower, aster, goldenrod, 
boneset, dahlia, chrysanthemum, marigold, compass plant, thistles, 
dandelion, lettuce. 

A. Head with all the flowers strap-shaped (with rays) and 
perfect: juice milky: leaves alternate. 

B. Flowers yellow 1. Taraxacum 

BB. Flowers blue or pink 2. Cichorium 

A.A. Head with tubular and mostly perfect disk flowers, the 

rays, if any, formed of the outer strap-shaped and 

imperfect flowers. In cultivated species, all the 

flowers may become strap-shaped (head " double ") : 

juice not milky. 

B. Fruit a completely closed and bur-like involucre, 

containing one or two small akenes : flowers 

imperfect. 

c. Involucre-bur large and sharp-spiny 3. Xanihium 

cc. Involucre-bur small, not sharp-spiny 4. Ambrosia 

BB. Fruit not formed of a closed and hardened involucre 
(although the involucre may be spiny, as in 
Arctium and Cnicus). 
0. Pappus none. 

D. Leaves opposite, simple 5. Ageratum 

DD. Leaves alternate. 

E. Foliage finely divided 6. Achillea 

EE. Foliage entire, toothed or broad-lobed.^ 

F. Akenes curved or horseshoe-shaped 7. Calendula 

TF. Akenes straight. 

G. Torus flat or slightly convex %. Chrysanthemum 

GG. Torus conical 9. Budheckia 

cc. Pappus of 2 thin early deciduous scales 10. Helianthus 

ceo. Pappus a short crown 11. Tanacetum 

cccc. Pappus of many bristles. 

D. Plant very prickly 12. Cnicus 

DD. Plant not prickly. 

E. Involucre prickly and bur-like 13. Arctium 

EE. Involucre not a bur nor prickly. 

F. Torus bristly (chaflP or bracts araongst 

the florets) 14. Centaurea 

FT. Torus naked. 
G. Rays present. 

H. Color yellow, the heads very small.. 15. Solidago 
HH. Color not yellow. 

I. Scales of involucre unequal 16. Aster 

II. Scales equal in length 17. Erigeron 

III. Scales in several rows, more or 

less leafy 18. Callistephus 

GG. Rays none 19. Eupatorium 
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496. Xanthiom Canadense. 



1. TASAXACUM. Dandelion. 

Stemless herbs, the 1-headed scape short, leafless and hollow: florets all 
perfect and strap-shaped : fruit ribbed, the pappus raised on a long beak. 

T. offioin^le, Weber {T. Dens-leoniSt Desf.). Common dandelion. Flics. 
8, 275. Perennial, introduced from the Old World: leaves long, pinnate or 
lyrate : heads yellow, opening in sun. 

2. CICHOBIUM. Chioory. 

Tall, branching perennials, with deep, hard roots: florets perfect and 
strap- shaped : fruit lightly grooved, with sessile pappus of many small, 
chaffy scales. 

C. Intybiu, Linn. Common chicory ^ run wild 
along 'roadsides (from Europe): 2-3 ft.: leaves ob- 
long or lanceolate, the lowest pinnatifld : flowers 
bright blue or pink, 2-3 together in the axils on long 
nearly naked branches. 

3. ZANTHIUH. Clotbur. 

Coarse homely annual weeds with large alter- 
nate leaves, flowers monoecious : in small involucres : 
sterile involucres composed of separate scales, in 
short racemes: fertile involucres of united scales 
forming a closed body, clustered in the leaf axils, becoming spiny burs. 

Z. Canadense, Mill. Common clotbur. Fig. 496. One to 2 ft., branch- 
ing: leaves broad-ovate, petioled, lobed and toothed: burs oblong-conical, 
1 in. long, with 2 beaks. Waste places. 

Z. •pindsum, Linn. Spiny clotbur. Pubescent, with 
three spines at the base of each leaf: bur % in. long, 
with 1 beak. Tropical America. 

4. AMBBOSIA. Ragweed. 

Homely strong- smelling weeds, monoecious: sterile 
involucres in racemes on the ends of the branches, the 
scales united into a cup : fertile involucres clustered in 
the axils of leaves or bracts, containing 1 pistil, with 
4-8 horns or projections near the top. Following are 
annuals : 

A. artemisiaBfdlia, Linn. Common ragweed. Fig. 
497. One to 3 ft., very branchy: leaves opposite or al- 
ternate, thin, once- or twice-pinnatifid : fruit or bur 
globular, with 6 spines. Roadsides and waste places. 

A. trifida, Linn. Great ragweed. Three to 12 ft., 
with opposite 3-lobed serrate leaves : fruit or bur ob- 
ovate, with 5 or 6 tubercles. Swales. 

5. AOEBATUM. Ageratum. 

Small diffuse mostly hairy herbs, with opposite simple leaves: heads 
small, blue, whit6 br^ose, rayless, the involucre ctip-shaped and composed 
of narrow bracts: torus flattish: pappus of a few rough bristles. 




497. Ambrosia artem- 
isiaBfolia. 
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A. oonysoides, Linn. {A. Mexieanum of gardens). Annual pubescent 
herb, with ovate-deltoid serrate leaves: cultivated (from tropical America) 
for its small and numerous clustered soft heads. 

6. ACHILLEA. Yarrow. 

Low perennial herbs : heads small, corymbose, many-flowered, white or 
rose, with fertile rays: scales of involucre overlapping (imbricated): torus 
flattish, chaffy: pappus none. 

A. Millefdlium, Linn. Yarrow, Stems simple below, but branching at 
the top into a large rather dense umbel-like flower cluster : leaves very dark 
green, twice-pinnatifld into very fine divisions : rays 4-5. Fields everywhere. 

7. CALENDULA. Pot Marigold. 

Erect, quick-growing annuals, with terminal large yellow or orange heads 
with pistillate rays: involucre of many short green scales: torus flat: pap- 
pus none: akenes of the ray florets (those of the disk florets do not mature) 
curved or coiled. 

C. officinalis, Linn. Common pot marigold, A common garden annual 
from the Old World, with alternate entire sessile oblong leaves : 1-2 ft. 

8. CHBYSANTHEMUM. Chrysanthemum. 

Erect herbs, annual or perennial, with alternate lobed or divided leaves: 
rays numerous, pistillate and ripening seeds : torus usually naked, flat or 
convex: pappus none. 

a. Akenes of ray florets winged. 

C. morifdlinm, Ram. {C. Sinense, Sabine). Greenhouse chrysanthemum. 
Tall and mostly strict, with lobed. Arm and long-petioled alternate leaves : 
flowers exceedingly various. China. 

aa. Akenes not winged. 
C. Leuc&nthemnm, Linni Whiteweed, Ox-eye daisy. Fig. 169. Peren- 
nial, with many simple stems from each root, rising 1-2 ft., and bearing al- 
ternate oblong sessile pinnatifld leaves : heads terminating the 
stems, with long white rays and yellow disks. Fields everywhere 
in the East, and spreading West. 

9. BUDB£CKIA. Cone-flower. 

Perennial or biennial herbs, with alternate leaves and showy 
yellow-rayed terminal heads : ray florets neutral : scales of in- 
volucre in about 2 rows, leafy and spreading : torus long or coni- 
cal, with a bract behind each floret: akenes 3-angled, with no 
prominent pappus. 

B. hirta, Linn. Brown-eyed Susan. Ox-eye daisy in the East. 
Fig. 498. Biennial, 1-2 ft., coarse-hairy, leaves oblong or oblanceo- 
late, nearly entire, 3-nerved : rays as long as the involucre or 
longer, yellow, the disk brown: torus conical. Dry fields. 

B. lacini&ta, Linn. Two to 7 ft., perennial, smooth, branch- 
ing: leaves pinnate, with 5-7-lobed leaflets, or the upper ones 3-5. 493. Rud- 
parted: rays 1-2 in. long: torus becoming columnar. Low places, beckiahirta. 
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10. HELIANTHUS. Sunflower. 

Stout, often coarse perennials or annuals, with simple alternate or 
opposite leaves and large yellow-rayed heads: ray florets neutral: scales of 
involucre overlapping, more or less leafy : torus flat or convex, with a bract 
embracing each floret * akene 4-angled : pappus of two scales ( sometimes 
2 other smaller ones), which fall as soon as the fruit is ripe. 

a. Disk brown. 

H. ixmiiiu, Linn. Common sunflower. Tall, rough, stout annual, with 
mostly alternate stalked ovate-toothed large leaves : scales of involucre ovate- 
acuminate, ciliate. Minnesota to Texas and west, but everywhere in gardens. 

H. rfgidus, Desf. Prairie sunflower. Stout perennial (2-6 ft.), rough: 
leaves oblong-lanceolate, entire or serrate, rough and grayish, thick and 
rigid: heads nearly solitary, with 20-25 rays. Prairies, Michigan, west. 

aa. Disk yellow (anthers sometimes dark). 

H. gigantduB, Linn. Tall, to 10 ft., rough or hairy : leaves mostly 
alternate, lanceolate-pointed, finely serrate or quite entire, nearly sessile : 
scales linear-lanceolate, hairy: rays pale yellow, 15-20. Low grounds. 

H. divaric&tus, Linn. Figs 3, 4, 23, 27. Small for the genus, 1-4 ft. : 
leaves opposite, ovate-lanceolate, 3-nerved, sessile, serrate, rough and 
thickish : rays 8-12, 1 in. long. Common in dry thickets. 

H. tuberdsus, Linn. Jerusalem artichoke. Bearing edible stem-tubers 
below ground: 5-10 ft.: leaves ovate to oblong-ovate, toothed, long-petioled : 
scales not exceeding the disk : rays 12-20, large. Penn. west, and cultivated. 

11. tanac£:tum. tansy. 

Tufted perennials, with finely divided leaves and strong odor: involucre 
of overlapping dry scales: torus convex: heads small, nearly or quite ray- 
less, the flowers all seed-bearing: akenes angled or ribbed, bearing a short 
crown-like pappus. 

T. vulg&re, Linn. Common tansy from Europe, but run wild about old 
houses: 2-4 ft.: leaves 1-3-pinnatelycut: heads yellow, pappus-crown 5-lobed. 

12. CNlGUS. Thistle. 

Perennial or biennial herbs, with pinnatifid, very prickly leaves: florets 
all tubular and usually allperf ect : scales of the involucre prickly : torus bristly : 
pappus of soft bristles, by means of which the fruit is carried in the wind. 

C. lanceoUtus, HofPm. Common thistle. Figs. 228-230, 276. Strong, 
branching biennial : leaves pinnatifid, decurrent, woolly beneath : heads 
large, purple, with all the involucre-scales prickly. Europe. 

C. ary6n8i8, Hoffm. Canada thistle. Lower, perennial and a pestiferous 
weed: leaves smooth or nearly so beneath: flowers rose-purple, in small, 
imperfectly dioecious heads, only the outer scales prickly. Europe. 

13. ABCTIUM. Burdock. 

Coarse biennials or perennials, strong-scented, with large dock-like 
simple leaves: head becoming a bur with hooked bristles, the florets all 
tubular and perfect: torus bristly: pappus of short, rough, deciduous bristles. 
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A. L&ppa, Linn. Common "bxirdock. Fig. 280. Common weed from 
Europe, with a deep, hard root and hushy top 2-3 ft. high: leaves broad- 
ovate, somewhat woolly beneath, entire or angled. 

14. CENTAUB^A. Stab-thistle. Centaubea. 

Alternate-leaved herbs, the following annuals, with single 
heads terminating the long branches: heads many-flowered, 
the florets all tubular but the outer ones usually much larger 
and sterile: scales of involucre over-lapping: torus bristly: 
akenes oblong, with bristly or chaflfy pappus. Cultivated. 





409. Centaurea Cvanus. At the left is an outer or ray floret; then follow three 
details of a disk floret; then follows the fruit. 

C. Claims, Linn. Corn-flower. Bachelor^s button. Figs. 231, 499. Gray 
herb: leaves linear and mostly entire: heads blue, rose or white. Europe. 

G. mosch&ta, Linn. Sweet sultan. One-2 ft., smooth: leaves pinnatifld: 
pappus sometimes wanting: heads fragrant, white, rose or yellow, large. 
Asia. 

15. SOLIDAGO. Goldenbod. 

Perennial herbs, with narrow, sessile leaves: heads yellow, rarely 
whitish, few-flowered, usually numerous in the cluster, the ray-florets 1-16 
and pistillate : scales of involucre close, usually not green and leaf -like : 
torus not chaffy : akene nearly cylindrical, ribbed, with pappus of many 
soft bristles. Of goldenrods there are many species. They are characteristic 
plants of the American autumn. They are too critical for the beginner. 

16. ASTEB. ASTEB. Fig. 227. 

Perennial herbs, with narrow or broad leaves: heads with several to 
many white, blue or purple rays in a single series, the ray florets fertile: 
scales of involucre overlapping, usually more or less green and leafy : torus 
flat: akenes flattened, bearing soft, bristly pappus. Asters are conspicuous 
plants in the autumn flora of this country. The kinds are numerous, and it 
is difficult to draw speciflc lines. The beginner will flnd them too critical. 
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IT. BSlOSBOH. FijLABAm. 

Annus), biennial or perennial erect herbs, with simple, seasile leaves; 

henda ten- to many-flowered: rays numerous in several rows and pistillate; 

scales of Involucre nturow and equal, scarcely overlapping, not green-tipped ; 

torus flat or convex, naked : pappus of soft bristles, 

a, Sai/s very iiKoHSpicuoitt. 

B. Canad«nsU, Linn, ffor.e-w.ted. Mare'g-tail. Fig. 500. 

Tall, erect, weedy, hairy annual, with strong scent : leaves 

linear and mostly entire or the root-leaves lobed; heads small 

and very numerous in a long panicle, the rays very short. 



tinged with purple, not twice the length of the Involucre. 

E. StriKini, Mubl. Usually annual, with oppressed hairs 
or none; leaves usually entire and narrower: rays white and 
numerous, twice the length of the involucre. 
18. CALLlSTEFHDS. China Asteb. 

Erect, leafy annuals, with large solitary beads bearing nu- 
merous white, rose or purple rays: scales In several rows or 
T mT^s^" series, usually leafy: torus flat or nearly 80, naked: pappus of 
long and very short bristles. 
C. hortinili, Cass. Common China aster, now one ol the commonest of 
garden annuals, in many forms: leaves sessile and coarsely toothed. China. 
19. EDFATOBIDII. Boneset. 

Erect perennials, with simple leaves: heads small and rayleas, clustered, 
all the florets perfect : scales not leafy ; torus flat or low-conical, naked : 
akene 5-sngled : pappus a single row of soft hrlatles. Low gronnds. 

E. porpflrenm, Linn. Joe Pye weed. Tall, with purplish stem and lan- 
ceolate toothed leaves in whorls of 3-6 : heads flesh-colored, in dense 
corymbs. Swamps, growing 3-10 ft. 

E. pwIoUitam, Linn. Bonetet. Tkoroutihwort. Fig. 159. Two to 4 
ft., hairy: leaves opposite and se«slle. lanceolate, flowers white, In clusters. 
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Aborted: crowded out, (291). 

Abronia, Fis. 19. 

Absorption by roots, 70. 

Abntilon striatum, 313, Fig. 461; Thomp- 
soni. 313. 

Acacia, 104. 105, Fig. 151. 

Accessory buds: more than one in an 
axU. (87). 

Accessory fruit: other parts grown to 
the pericarp. (286). 153. 

Acer. 316. Figs. 464-7. 

Acetic acid. 246. 

AchiUea MiUefolium. 337. 

Acids, 246. 

Acclimatization: adaptation to a climate 
at first injurious, (339). 

Acorn, 147. 

Acuminate: taper-pointed, (199). 

Acute: sharp-pointed, (199). 

Adder'stongue, 292 ; fern, 191, Fig. 841. 

Adiantum pedatum, 285. Fig. 309. 

Adventitious buds: those appearing on 
occasion, (54, 123). 

^cidia, 185. ^cidiospore, 185. 

Aerial roots. 10. 

Ageratum conyzoides, 337. 

Aggregate fruit: one formed by the co- 
herence of pistils which were distinct 
in the flower, ^296). 

Agrimony, 162. 

Ailanthus buds. Fig. 53; fruits, 160. 

Air-plants, 12, 88. 

Akene: dry, indehiscent 1-seeded peri- 
carp, (288). 

Alcanin, 241. 

Alcohol, 241. 

Alder, black, 301; smooth, 301; speckled, 
301. 

Aleurone grains, 249. 

Alfalfa, 318, Fig. 470. 

AlgaB, 176, 178, 235. 

Alkaloids, 246. 

Almond bud, 39, Fig. 64. 

Alnus'glutinosa, 301; incana, 301; rugosa, 

Alpine plants, 220. [301. 

Aliik0 eloT«r, 818. 



Alternation of generations, 174, 194. 

Alth»a rosea, 312, Figs. 206, 207, 235. 

Alyssum maritimum, 152, 311, Fig. 460. 

Amarantus, 163. 

Amaryllidacead, 295. 

Ambrosia, 336, Fig. 497. 

Amoeboid, 235. 

Ampelopsis. leaves of. 95, Fig. 142. 

Amphibious, 199. 

Amylo-dextrine. 249. 

Anacharis. experiment with, 78, 235. 

Analogy; related in function or use, (211). 

Anaphase, 240. 

Anemone, 309 fruit, 148. 

Anemophilous: pollinated by wind, (267). 

Annual: of one season's duration, (10). 

Anther : pollen-bearing part of the sta- 
men, (254). 

Antheridia, 174, 180. Antheridiophore,l87. 

Anthodium: flower-head of the Com- 
positce, 116. 

Antirrhinum majus, 332, Fig. 220. 

Antitropic : against the sun, (231). 

Apetalous : petals missing, (257). 

Aphyllon, 85, Fig. 118. 

Apical : at the apex or top, (292). 

Apium graveolens, 326. 

Apparatus. 240. 

Apple. 323, Figs. '267. 268; acid. 246; an- 
ther, 129; bud, 36,40, Fig. 67; bud-vari- 
ation, 229; cells, 233. 234; fruit, 155, 
Fig. 268; inflorescence. 118. Fig. 267; 
leaf -scar, 37; -pear graft, 28; phyllotaxy, 
48. 49; thorns. 104; tree. 15, Fig. 18. 

Apricot bud. 37. 39. 321, Figs. 51, 65. 477. 

Aquatic, 198. 

Aquilegia. 310. Fig. 458. 

Arbor-vitaB. 288, Fig. 426. 

Archegoniophore, 187. Archegonium. 174. 

Arctium Lappa, 339, Fig. 280 

ArisaBma, 290. Fig. 226. 

Arrow-root starch, 249. 

Arrow-wood, 334. 

Artichoke. Jerusalem, 338. 

Arums. 141. 

Asoendisg, 15. 
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Ash, branching, 54; fruit, 148, ISO; leaf. 
Fie. 127; phyllotfoy. 49. 

Ash in plants, 72. 

AsparagTis, 3, 103, 250, 294. Figs. 147-150, 
434. 

Aspen (poplar), expression, 61. 

Aspidinm, 172, Figs. 304, 305. 

Aspleninm Filix-foemina. 286. 

Assimilation: making of protoplasm, 
(170, 171). 

Aster. China. 340; flowers, 142, Fig. 227; 
society. 225; (in cell), 239. 

Atropin, 246. 

Attachment of flowers, 144. 

Antumn leaves, 225. 271. 

Axil: upper angle which a petiole or 
peduncle makes with the stem which 
bears it, (86). 

Azalea anther, 129, Fig. 204. 

Bachelor's button, 143, 330, Figs. 231, 490. 

Bacterium (pi. bacteria). 87. Fig. 123. 

Ballast plants, 163. 

Balsam, 158, 241, 314. 

Banyan, 12, 21. Figs. 15, 16. 

Barbarea vulgaris, 311. 

Barberry anther, 129. Fig. 205; inflores- 
cence, Fig. 173; rust, 184; spines, 105, 
Fig. 156. 

Bark, 265; form of, 60. 

Basal: at the base or bottom, (292). 

Basidium, 184. 

Basswood, 37, 49, 264. 

Bast, 254, 255. 

Bean, common, 3, 204, 319, Figs. 471, 472; 
flowers, 138; germination, 164, 167, 171, 
Figs. 282, 283, 285, 286; legume. 151; 
Lima, pod, Fig. 247; sleep ot, 50; twi- 
ner, HI, 112. 

Beech, 299; drop, 86; fruit, 147; leaf. 
Fig. 138 ; monoecious, 133. 

Beet, 7; starch in, 31; sugar, 246. 

Begonia, hairs, 234; leaf. Fig. 130; cut- 
tings, 22; root-pressure, 73; stomates, 
273. 

Berry: pulpy indehiscent few- or many- 
seeded fruit, (294). 

Betula, 301. 

Bi-compound, 91. 

Biennial: of two seasons* duration, (10). 

Birch, 300, Fig. 6. 

Birth, variation after, 229. 

Birthxoot, 298, Fig. 221. 



Bittersweet. 330 ; climbing, 108 ; twiner. 

111. 
Blackberry, 20, 322; cuttings, 24; fruit, 

153: and birds, 161. 
Black haw, 334, Fig. 279. 
Blade : expanded part of leaf or petal,( 194) . 
Bleeding heart, 3. 
Blue flag, 297. Fig. 437. 
Bog plants, 199, 219. 

Boneset, 340. Fig, 150; bracts. 106, Fig. 
Boreal plants, 220. [150. 

Boston ivy leaves, 05, Fig. 142; tendril. 
Bougainvillea, 106. Fig. 161. [109. 

Bouncing Bet, 307; fmit. Fig. 250. 
Box. leaf of, Fig. 137. 
Box-elder, 316; phyllotaxy, 46, 49. 
Brace roots, 9, 12. 

Bracts: much reduced leaves, (219). 
Brake, 173, 237. 286, Figs. 125, 308. 310. 
Bramble, 322. 
Brassica, 311. 

Briars, climbing. 108, prickles, 105. 
Bridal wreath. Fig. 179. 
Bristles, 105; nature of. 254. 
Brown-eyed Susan, 337, Fig. 498. 
Brunella vulgaris, 327. 
Bryophyllum, leaf cuttings, 22. 
Bryophyte. 176. 
Buckwheat, 305, iHg. 454; flower, 125, 136; 

family, 304; fruit, 148. 
Bud, winter, 86; and light. 51; and seeds. 

161; dormant, 54; propagation by, 22; 

struggle for, 52; -scales. 36, 107; -scars. 

old, 54. Fig. 86. 
Bud-variations, 229. 
Bulb : thickened part made up of scales 

or plates, (79), 37, 49. 
Bulbel: bulb arising from a mother 

bulb. (80). 
Bulblet: atrial bulb, 22, (80). 
Bulb scales, 107. 
Bundles, 257. 

Burdock. 7, 62, 162, 339, Fig. 280. 
Burning bush, 266. 
Burs, 161. 

Burst of spring, 40, 204. 
Butter-andegg8,132, 137.332, Figs. 255, 492. 
Buttercup, 1, 309, Figs. 2, 187, 188, 191, 242; 

akene, 148, Figs. 191, 242; flower, Figs. 

187, 188; pistil. Fig. 191; society, 225. 
Butternut buds, 37. 
ButtrouM, 9. 
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Cabbage, 13, 17; fruit, 152; head, 38, Fig. 
55; skunk, 290; water pores, 271. 

Cacti. Fig. 344. 

Caffein, 246. 

Calcium, 72; oxalate, 246, 249, 250. 

Calendula officinalis, 337. 

Calla, 290, Figs. 427, 428; inflorescence, 
142; lily, 290, Fig. 427. 

Callus, 27. 

Callistephus hortensis, 340. 

Caltha palustris, 310. 

Calyptra, 190. [(250). 

Calyx: outer circle of floral envelopes, 

Cambium: the growing or nascent tissue 
lying between the xylem and phloem of 
the fibro-vascular bundle (418), and 
therefore on the outside of the woody 
trunk, since the active fibro-vascular 
bundles are in the young outer tissue 
(71); 257,262.264. 

Campanula capsule. Fig. 256. 

Canada balsam, 241. 

Canada thistle, 20, 23, 338. 

Candytuft, Fig. 178. 

Cane sugar, 245-247. 

Cannabis sativa, 304. 

Canna, 19. Fig. 28. 

Canoe birch, 301. 

Caoutchouc, 246. 

CaprifoliacesB, 333. 

Capsella Bursa-pastoris, 311, Fig. 250. 

Capsicum annuum, 330, Fig. 488. 

Capsule : . compound pod, (291) . 

Caraway, 326. 

Carbohydrate, 77. 

Carbon, 72, 74; dioxid, 74, 76. 

Carnation, 307; cutting, Fig. 33. 

Carpel: a simple pistil; one of the units 
of a compound pistil, (255). 

Carrot, 3, 325, Fig. 180; umbel, 117, 118. 

Carum Carui, 326; Petroselinum, 326. 

Caryophyllaceae, 306. 

Cassia flower. 138, Fig. 223. [299. 

Castanea Americana, 299, Fig. 241; sativa, 

Castor bean germination, 167. Figs. 287- 

Castor-oil, 247; inclusions, 249. [290. 

Catalpa seeds, 159, Fig. 274. 

Catkin : scaly - bracted deciduous spike 
with diclinous flowers, (239). 

Catnip, 126, 327, Fig. 197. 

Cat-tail, 3; seeds, 161, Fig. 278; stems, 
250; swamp, 224, Fig. 378. 



Caulide: stemlet of the embryo, (305). 

Cedar, 161; and light. Fig. 71; fruit, 156. 

Celandine, 235. 

Celastrus, twiner, 112, Fig. 167. 

Celery, 326; stem, 234. 

Cell, 233; budding, 238; multiplication, 

237; sap. 245; wall, 233, 234, 236. 
Cellulose, 236. 
Celtis occidentalis, 303. 
Centaurea Cyanus, 339; moschata, 339. 
Centrosphere, 239. 

Cerastium viscosum, 308; vulgatum, 308. 
Chara, 235. 
Charcoal, 74. 
Charlock. 311. 
Cherries and birds, 161. 
Cherry, 20, 322. Fig. 479; fruit, 153; in- 
florescence, 118; phyllotaxy, 49. 
Chestnut, 299, Fig. 241 ; fruit, 147, Fig. 

241; monoBcious, 133; -oak graft, 28. 
Chicory, 336. 
Chickweed, 308, Fig. 457. 
Chinese sacred lily, 295, Fig. 435. 
Chlorine, 72. 
Chlorophyll. 75, 245. 
Chromatin, 239. Chromosome, 239. 
Chrysanthemum, 142, 145, 337. Fig. 169. 
Cichorium Intybus, 336. 
Cider acid, 246. 
Cilia. 235. 
Cinquefoil. 320. 

Cion: the bud or branch used in grafting. 
Citric acid. 246. ((69). 

Cladopnyllum : leaf -like branch. (213). 
Clearer, 241. 

Cleft, 92. Cleft-graft. 28. 
Cleistogamous flowers: small closed 

self-fertilized flowers. (269). 
Clematis. Fig. 360; and light. Fig. 73; 

tendril. 111. Fig. 166. 
Climate and plants, 203. 
Climbing, 15; nasturtium, 314, Fig. 195; 

plants, 108; plants and light, 43. 
Close fertilization ; secured by pollen 

from same flower ; self-fertilization, 

(260). fggg 

Clotbur. common, 336, Fig. 496 ; spiny, 
Clover, 7, 318; Bokhara, 318. Figs. 468, 

469; chlorophyll, 75; inflorescence, 116; 

sleep of, 50, Fig. 82. 
Cnicus, 338, Figs. 228-230, 276. 
Cockle, 308. 
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Coffee, 246; tree, 96. 

Cohosh anther, 129. 

Colena, chlorophyll, 76; cattings, 24. 26; 
in window, 163; root-pressnre, 73. 

Collateral. 261. 

Collection, making a, 279. 

Collenchyma, 254. 

Collodion, 241. 243. 

Colonies. 221. 

Color of folianre, 225. 

Colnmbine. 310; Pig. 458; fruit, 151. 

Colnmella, 181. 

Column : body formed of union of sta- 
mens and pistil in orchids, (279). 

Companion cells, 254. 

Compass plant, 50, 269. 

Complete flower: all parts present. (257). 

Complete leaf: having blade, petiole, 
stipules, (194), Fig. 131. 

CompositsB, 334. Compositous flowers,142. 

Compound leaves, 91. 

Compound pistil: of more than one car- 
pel united, (255). 

Concentric, 261. 

Cone-flower, 337. 

Cones, 156, Figs. 271, 272. 

Conifer cells, 237. 

ConifersB, 286. 

Conjugation, 179. 

Connate, 63, Fig. 134. 

Convallaria majalis, 294. 

ConvolvulaceaB, 328. 

Copper sulfate, 241. 

Coral root, 85, Fig. 119. 

Cork elm, 303. Fig. 450. 

Corm : a solid bulb-like part, (81). 

Cormel: a corm arising from a mother 
corm, (81). 

Com, ash in, 72; cells, 237; field, 213, 217, 
Fig. 358; germination, 168, Figs. 291-295; 
monoecious. 133, Fig. 214; North and 
South, 203; phyllotaxy, 49; root cap, 
253, Fig. 395; roots of, 8, 12, Fig. 14; 
water in, 72; wilting, 83; roots, 267; 
stalk, 18; starch, 248. 249; stems, 259; 
suffocated, 70; sugar, 246. 

Com cockle, 308. 

Cornflower flowers, 143, Figs. 231, 499. 

Corolla: inner circle of floral envelopes. 

Cortex, 260. [(250). 

Corymb: short and broad more or less 
flat-topped indeterminate cluster, (241). 



Corymbose inflorescence : outer flowers 
opening first; indeterminate, (236). 

Cotton, 146; fibers, 233. 

Cotyledon: seed-leaf (305). 

Cowslip, 310. 

Cow-pea, 319, Fig, 473. 

Cranberry, high-bush, 334. 

Cranesbm. wild, 313, Fig. 181. 

Creeper : a trailing shoot which takes 
root throughout its length, (56), 15. 

Crenate: shallowly round-toothed, (200). 

Cress fruit, 152; winter, 311. 

Crocus, 34, 35, Figs. 48, 49, 297, Fig. 438. 

Cross-fertilization: secured by pollen 
from another flower, (260). 

Cross-pollination : transfer of pollen 
from flower to flower, (263). 

Crowfoot. 309. Figs. 2. 187, 188, 191, 242. 

Crown: that part of the stem at the sur- 
face of the ground, (37) ; tuber, 33. 

CrucifersB, 310; hairs, 270. 

Cryptogam: flowerless plant, as fern, 
moss, fungus, 178, 284, (325). 

Crystals, 250. Crystaloids, 249. 

Cucumber collenchyma, 254; fruit, 155; 
pits, 237; squirting, 159. 

Cupuliferse, 298. 

Currant, 324, 325, Figs. 481, 482, 483; bud. 
Fig. 54; cuttings, 24, 27, Fig. 38; fruit. 
153; stem, 266, Fig. 409. 

Cuscuta Gronovii, 329, Fig. 487. 

Cutting: severed piece of a plant de- 
signed to propagate the plant, (51) , (61). 

Cutting-box, 26, 30. 

Cutting sections, 242, 243. 

Cycloloma platyphyllum, 163. 

Cyme: broad more or less flat-topped 
determinate cluster, (244). 

Cymose inflorescence: central flowers 
opening flrst: determinate, (243). 

Cypress vine, 328. Fig. 485. 

Cystolith. 250. 

Daffodil, 295, Fig. 234. 

Dahlia, double, 145. Fig. 232. 

Daisy flowers. 142; ox-eye, 337, Fig. 169- 
rays, 143; scape, 120, Fig. 185. 

Dalibarda, 134. 

Damping-off, 25, 30. 

DandeUon, 3, 7, 14, 257, 336, Figs. 8, 275; 
flowers, 142; rays, 143; scape, 120; seeds, 
158, 160, Fig. 275. 

Darwin, quoted. 213, 231. 
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Datura, 331, Fig. 248. 

Dancns Carota, 325, Fie. 180. 

Daughter cell, 238. 

Day-lily, 203. Fig. 253, 433 i Fig. 432. 

Deeidnons: falling (204). 

Decompound, 91. 

Decumbent, 15. 

Decurrent: running down the stem, (195), 
Fig. 133. 

Dehiscence: opening of seed-pod or an- 
ther, (264), (287). 

Deliquescent: trunk or leader lost in the 
branches, (40). 

Dentaria pod, 147, Fig. 240. 

Dentate: sharp-toothed, (200). 

Dependent plants, 85. 

Dermatogen, 253. 

Desert vegetation. Fig. 344. 

Determinate: definite cessation of growth 
at the apex, (243). 

Dew, 83. 

Dewberry, 21. Fig. 20, 158; fruit, 153. 

Dextrose, 245, (231). 

Diadelphous; in two groups, (277). 

Dianthus, 307, Fig. 456. 

Dicentra inflorescence, Fig. 172. 

Dichogamy: stamens and pistils matur- 
ing at different times, (265). 

Diclinous: imperfect; having either sta- 
mens or pistils, (257). 

Digestion: changing of starchy materials 
into soluble and transportable forms, 
(168). 

Digitalis purpurea, 332. 

Digitate, 01. 

Dioecious: staminate and pistillate flow- 
ers on different plants, 133. 

Dispersal of seeds, 158. 

Divergence of character, 213. 

Divided, 02. 

Dock, 3; bitter. 305; curly, 305. 

Dockmackie, 334. 

Dodder, 85. 89, 112, 320, Fig. 487. 

Dog's-tooth violet, 292, Fig. 431. 

Dogwood bracts, 106; tree. Fig. 356. 

Doorweed, 306, Fig. 103. 

Dormant buds, 54. 

Double flowers, 144. 

Dragon-root, 200. 

Dragon's head inflorescence. Fig. 175. 

Drape: fleshy l-seeded indehiscent fruit; 
■tone fruit, (205). 



Drupelet: one drupe in a fruit made up 

of aggregate drupes, (206). 
Dryopteris, 172, 286, Figs. 304, 305, 420. 
Ducts, 233, 257. 
Dusty miller, 308. 
Dutchman's pipe, 112. 
Dwarf plants, 204. 
Earth parasites, 2. 
Ecology: habits and modes of life of ani* 

mals and plants, (360). 
Egg-cell, 180. 

Eggplant, 153. 330, Fig. 261. 
Elater, 180. 

Elder, 110, 334; red, 334; pith, 233. 
Elliptic, 04. 
Elm, 15, 302, Figs. 448-450; flower, 125, 

136; fruit, 148, 150; germination, 171; 

leaf. Fig. 146; phyllotaxy, 46, 40; trunk 

of, 60; shoot, history, 68, Figs. 01-95. 
Elodea, 78, 235, Fig. 387. 
Embryo: the plantlet in the seed, (305). 
Embryology, 102. 
Embryo-sac, 175. 
Emersed, 108. 
Emetin, 246. 
Endodermis, 253. 
Endogenous stems, 250. 
Endosperm: food in the seed outside the 

embryo, (306). 
Entire: margin not indented, (200). 
Entomophilous : pollinated by insects, 
Envelopes, floral, 122. (266)." 

Environment : surroundings ; conditions 

in which organisms grow 203, (326). 
Eosin for staining, 70. 
Epicotyl: that part of the caulicle lying 

above the cotyledons, (312). 
Epidermis, 254, 259, 260; of leaf, 270. 
Epigeal : cotyledons rising into the air 

in germination, (311). 
Epigynous: borne on the ovary, (283). 
Epiphyte, 88, 200. 
Equisetum, 192, Fig. 342. 
Erigeron, 340, Fig. 500. 
Erythronium, 292,Fig. 431. 
Esquimaux, 204. 

Essential organs : stamens and pistils. 
Ether, 241. [(250). 

Eupatorium, 90. 340, Fig. 159. 
Euphorbia pulcherrima, 247. 
Eutropic ; in the direction of the sun's 

oourse, (231). 
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Evergreen: remaining green, (2M). 

Everlasting pea, 317, Fig. 246. 

Evolution. 232. 

Excretion by roots, 71. 

Exeorrent: the titink or leader continued 
through the top, (30). 

Exogenous stems, 260. 

Explosive fruits, 158. 

Exposure, 207. 

Expression. 60. 

Fagopyrum. 305. Fig. 454. 

Fagus Americana, 299; sylvatica, 299. 

Pall of leaf. 97, 271. 

Fastigiate trees, 60, Fig. 07. 

Fats. 246. 

FehUng's solution, 241. 247. 

Fern, 19; cells. 237; Christmas. 286. Figs. 
304. 305: cinnamon. 285, Fig. 419 ; flow- 
ering. 285; maidenhair. 285. Fig. 309; 
ostrich. 285 ; royal. 285 ; sensitive. 285. 
Fig. 310; fronds, 172; in good and poor 
light, 42. Fi?s. 68, 69; stem, 261; 284; 
discussed. 172, 191. 

Fertilization: impregnation of the ovule, 
(250). 

Fertilizer, 69. 

Fibrous root, 7; tissue, 255. 

Fibro-vascular bundles, 257. 

Ficus elastica, 251. - 

Fig, climbing, Fig. 74. 

Figwort family, 331. 

Filament : stalk part of the stamen, (254 ) . 

Filices, 284. 

Five-finger, 320. 

Fixing sections, 242, 243. 

Flag, 297, Fig. 437. 

Flagella, 235. 

Fleabane, 340. 

Fleur-de-lis, 297. 

Flora : plant population of a country or 
place; also a book describing this 
population, (327). 

Floral envelopes, 122. 

Florets : individual flowers of composites 
and grasses, 146. (281). 

Flower, parts of, 122; -branches, 114; 
■bud, 39; -cluster, 114; -stem, 119. 

FolUge, (6), 90. 

Follicle : dry dehiscent pericarp opening 
on the front suture, (289). 

Food materials. 72 : reservoirs, 31; sup- 
ply. 230. 



Forest, Figs. 361-368. 373. 374; and light, 

43; banning of, 222. 
Formalin, 241. Formic acid, 246. 
Forms of plants, 50. 
Foul-gas. 75. 
Foxglove, 3. 332. 
Fragaria, 320. Figs. 264. 474. 475. 
Framework. 2, 62, 100, Pigs. 3, 4. 
Free-swimming, 198. 
Freesia refracta, 208, Fig. 439. 
Fringed wintergreen, 134. 
Frog spittle. 178. 
Frond: leaf of fern. (317). 
Pruit-bud. 30; -dot. 172; sugar, 245. 
Fruits, 147. 
Fuchsia. 18; and light. 42; bracts. 106, 

Fig. 160; cuttings. 26; flower. 123, Fig. 

189; inflorescence, 115: phyllotaxy, 40; 

water pores, 271. 
Function: what a plant or a part does; 

its vital activities. 
Fundamental tissue, 257. 
Fungi, 85. 176, 180. 
Funiculus. 164. 
Funkia, 293, Figs. 432. 433. 
Galanthus nivalis, 296. Fig. 436. 
Galium, climbing, 108. 
Gametophyte, 174, 194. 
Gamopetalous: corolla of one piece,(251). 
Gamosepalous: calyx of one piece, (251) . 
Gemmae, 187. 

Genealogy, 16, 106. {{8). 

Generation: period from birth to death. 
Geranium, 18; chlorophyll, 75; cuttings, 

24, 26. Figs. 32, 36, 37; family. 313; fish. 

314 ; inflorescence. Figs. 181, 183 ; and 

light. 42; kinds of, 313; in window, 

121, 163. 
Germination, 164, 165. 
Ginger, 19. 
Glabrous: not hairy. 
Gladiolus, 34. 35. 298, Figs. 50. 440. 
Glaucous: covered with a**bloom"or a 

whitish substance. 
Globoid inclusions, 249. 
Glomerule: dense head-like cyme, (244). 
Gloxinia, leaf cuttings, 22. 
Glucose, 245, 247. 
Glume, 146. 
Glycerine, 241. 
Goldenrod. 3, 142, 225, 339. 
Gooseberry, 27, 153, 824. 
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Gourd, collenchsnna, 254. 

Graft: a branch or bad made to grow on 
another plant, 27, (60), Figs. 31, 39-41. 

Grafting wax, 30. 

Grape crystals, 250rcattings, 24, 27; fmit, 
153; leaves of, 05; sngar, 245; tendrils, 
110, 113, Figs. 164. 168. 

Grass, 3, 18; flowers, 146; pepper, 312; 
pink, 307; stems, 259. 

Grasses, framework, 62; phyllotaxy, 49; 

Grazing, 223. [pollination, 132. 

Greenbriar tendril, 111; tissue, 259. 

Grevillea in window, 163. 

Guard cells, 271, Figs. 413, 414. 

Guinea squash, 330, Fig. 261. 

Gum-resin, 246, 247. 

Gymnosperm: seed naked (not in an 
ovary); applied to pines, spruces, etc., 
(299), 155, 286. 

Habit : the looks, appearance, general 
style of growth, (36). 

Habitat : particular place in which a 
plant grows, (327). 

Hackberry, 303. 
Hackmatack, 288. 
Hair-grass, 163. 
Hairs, 105; nature of, 254, 270. 
HalophjTtic societies, 219, Fig. 371. 
Hardwood cutting, 27. 
Haustoria, 86. 
Haw, black. 334, Fig. 279. 
Hawthorn, 104, Figs. 152-155; graft, 28. 
Hazel, 133, 158. 

Head: short dense spike, (239), Fig. 176. 
Hedera Helix, 251, 261, 269, Fig. 162. 
Helianthus, 338. [ ( loo) . 

Heliotropism: turning towards the light, 
Hemerocallis flava, 293; fulva, 293. 
Hemlock, 288. Fig. 425. 
Hematoxylin, 241. 
Hemp, 304. 
Henna root, 241. 
Hepatica, 148, 309. 
Herbaceous: not woody, (11). 
Herbarium, 279. 
Herb Robert, 313. 
Heredity, 230. 
Heteroecism, 185. 
Hibiscus, 313, Fig. 139. 
Hickory, 39, 51, 147, Figs. 59, 60, 83; in- 
florescence, 117, 133. 
Hllum or seed-scar, 165. 



Hip: fruit of the rose, 155, Fig. 265. 

Hog-peanut, 134, Fig. 215. 

Hollyhock, 312, Figs. 206, 207, 235; flower, 
130, 139. Figs. 206, 207, 235; hairs, 235. 

Holly, phyllotaxy, 49; tree. Fig. 352. 

Homology: related in origin or structure. 

Honesty fruit, 152. [(211). 

Honey locust buds, 37; leaves, 95; thorns, 
105; tree, 63. 

Honeysuckle buds, 37, 53, Fig. 85; family, 
333; leaves, Fig. 134; phyllotaxy, 49; 
Tartarian, 333, Fig. 85; twiner, 112. 

Hop clover, 318. 

Hop. Ill, 112, 304, Fig. 167. 

Horehound, 328. 

Horse-chestnut bud, 36; fruit. Fig. 251; 
leaf -scar, 37; thyrse. Fig. 184. 

Horse mint, 326. 

Horsetails, 192, Fig. 342. 

Horse-weed. 340, Fig. 500. 

Host, 85. 

Hound's tongue, 162. 

House-leek, 21; phyllotaxy, 49. 

Huckleberry anther, 129. 

Hamulus Japonicus, 304. 

Humus, 202. 

Hyacinth, 35, 293; crystals, 250; inflores- 
cence. Fig. 174; scape, 120. 

Hydrangea, 119; doubling, 145. 

Hydrogen, 72. 

Hydrophytic society, 219, Figs. 369, 377. 

Hypocotyl: that part of the caulicle lying 
below the cotyledons, (311). 

Hypogeal: cotyledons remaining beneath 
the ground in germination, (311). 

Hypogynous: borne on the torus, or un- 
der the ovary, (283). 

Imbedding. 243. 

Immersed, 198. 

Impatiens, 314, 315, Fig. 462, 463; coUen- 
chyma, 254 ; root-pressure, 73; water 
pores, 271 ; seeds, 1^8. 

Imperfect flower: having either stamens 
or pistils, (257). 

Inclusions, 249. [(257). 

Incomplete flower: any parts wanting, 

Indehiscent : not opening, (287). 

Inde];)endent plants, 85. 

Indeterminate : growing on from the 
apex, (236). 

Indian pipe, 85. 

Indian turnip, 141, 290, Fig. 226. 
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India-rubber plant, 246, 250, 251,269. 

India wheat, 305. 

Indusium, 173. 

Inflorescence *. mode of flower-bearing : 
less pro];>erly, a flower-cluster, (246). 

Insects and flowers, 131. 

Intemode: space between two joints or 
nodes. (64). 

luulin, 246. 

Involucre: a whorl of small leaves or 
bracts standing close underneath a 
flower or flower-cluster, (278) 

Iodine test for starch, 31, 249. 

Ipecac, 246. 

Ipomcea, 328, Figs. 217, 485, 486. 

Iris, 297, Fig. 437; leaf, 269; stems, 259. 

Irregular flower : some parts in one 
series different, (258). 

Irrigation, 207. 

Iron, 72. 

Isoetes, 193. 

Ivy, 251, 261, 269, Figs. 162, 411 ; Kenil- 
worth, 332, Pig. 493. 

Jack-in-the-Pulpit. 141. 251, 290, Fig. 226. 

Jamestown-weed, 331, Fig. 248. 

Jerusalem artichoke, 338. 

Jewel-weed, 158, 314, Fig. 462, 463. 

Jimson-weed, 331, Fig. 248, 

Joe Pye weed, 340. 

Jonquil, 295. 

Juneberries and birds, 161. 

Juniper, 156, 289. 

Karyokinesis: indirect division or trans- 
formation of the nucleus, being one 
means of cell multiplication ; mitosis, 
239, (393). 

Kentucky coffee tree, 96. 

Knotweed, 125, 136, 306, Fig. 193. 

LabiataB, 326. Labiate, 137. 

Laboratory advice, 240. 

Lactose, 245. 

Lactuca Scariola, 50, 356. 

Lady's-slipper, 140, Fig. 225. 

Lanceolate, 94. 

Landscape and plants, 202. 

Larch, 288; European, 288. 

Larix Americana, 288 ; decidua, 288. 

Larkspur, double. Fig. 233; flower, 131, 
Figs. 208-210; fruit, 148, Figs. 243, 244. 

Lathyrus, 233, 317, Figs. 222. 246. 

Layer: a branch which takes root and 
gives rise to an independent plant, (55). 



Leaf, fall of, 97; how to tell, 98. 

Leaflet : one part in a compound leaf, 

(192). 
Leaf -scars, 37, 273. 
Leaves, arrangement of, 46 ; fall of, 225, 

271 : general account, 90 ; propagation 

by, 22; structure, 269. 
Legume : simple i>eriearp dehiscing on 

both sntures, (290). 
Leguminosfe, 316. 
Lemon acid, 246. 
Lens, 126, Figs. 198, 200. 
Lenticels, 266. 
Leonurus Gardiaca, 328. 
Lepidium Virginicum, 312. 
Lettuce, experiment with,78; wild, 50, 356. 
Leucoium vemum, 296. 
Levulose, 245. 
Lichen, 88, 176, 186. 
Life-history: sum of the events in the 

life of a plant, (7). 
Light and plants, 42, 215. 
Ligneous : woody, (11). 
Lignin, 236. 
Ligule of isoetes, 194. 
Lilao bushes, 100; bud, 41; inflorescence, 

119; phyllotaxy, 49. 
Lilies, bulblets, 22, Fig. 30; offsets, 21. 
Lilium, 291, 292, Figs. 30, 429. 
Lily, 291; bulb, 33 ; caUa, 290, Fig. 427; 

Chinese sacred, 295, Fig. 435; Easter, 

291; tiger, 292. Fig. 30; white, 291; 

flowers, 138. 
Lily-of-the-valley, 19, 294. 
Linaria, 332, Fig. 493. 
Linear, 94. 
Linin, 239. 
LinnaBua, 276. 

Liverleaf , 309. Liverworts, 186. 
Living matter, making of, 74. 
Lobed, 92. 

Locule: compartment of a pistil, (285). 
Loculicidal: dehiscence between the par- 

titions, (292). 
Locust buds, 37; honey, leaves, 95; 

honey, tree, 63 ; sleep of, 50 ; thorns, 
Lodicule, 146. [105. 

Lonicera, 333, 334, Figs. 85, 495. 
Lotus, Fig. 135; starch, 248. 
Lucerne, 318, Fig. 470. 
Lychnis Coronaria, 308; Githago, 308. 
LycopersicTun eiealentam, 830, Fig. 186. 
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Macrospore, 194. 

Magnesium, 72. 

Maidenhair. 173. 285, Tig. 309. 

Malic acid. 246. 

MaUow, 139, 312. Figs. 170. 224. 

Malt soffar. 245; Maltose, 245. 

Malva rotnndifolia, 312, Fig. 224. 

MalvacesB, 312. 

Mandrake, 19. 

Mangrove, 12, 21, Fig. 17. 

Maple, 15, 46, Figs. 75, 76, 144: kinds of, 
316; branching, 54; buds, 37, 39. 40 
dissemination, 160 ; phyllotaxy, 49 
trunk of, 60; family, 315 ; fruit, 148 
germination. 171, Figs. 296-303; leaf. 
Fig. 129; leaf -scar, 37. 

Marble etched by roots, 71. 

Marchantia polymorpha, 186, Figs. 331- 

Mare*s-taU, 340, Fig. 500. [337. 

Marigold, marsh, 310; pot. 337. 

Marrubium vulgare, 328. 

Marsh mallow, 140, 312. 

Marsh marigold. 310. 

Marsh plants, 199, 219. 

May apple, 19, 23. Masrllower, 309. 

Mayweed, 222. 

Medicago lupulina, 318; sativa, 318, Fig. 

Medullary rays, 260. [470. 

Melilotus alba, 318, Fig. 469; officinalis, 

Melon fruit, 155. [318. 

Menispermum stem, 260, 262. 266. 

Mentha, 327, Fig. 484. 

Meristematic. 252, 257. 

MesophyU. 253, 269. 

Mesophytic society, 219, Fig. 370. 

Metaphase, 239. 

Micropyle, 164. 

Microscope, compound, 241; dissecting, 
126, Figs. 198-200. 

Microsome, 234. 

Microspore, 194. 

Microtome, 242. 

Midrib, 93. 

Mignonette, inflorescence. 116. 

Mildew, 85, 182. 

Milk sugar, 245. 

Milkweed fruit, 151, Fig. 245; seeds. 161, 
Fig. 277; tissue, 257. 

Mimulus, 333, Fig. 494. 

Mint family, 326; phyllotaxy, 49. 

Mistletoe, 87. 

Mitosis. 238, 239. 



Mock orange, 323. 

Monadelphous: in one group, (277). 

Monoecious : staminate and pistillate 
flowers on the same plant, 133. 

Monarda fistulosa, 327. 

Monkey-flower, 333, Fig. 494; wild, 333. 

Monocotyledons, 97. 

Monopodial: axial growth continued by 
growth from terminal bud or persis- 
tence of the leader, 113. 

Moonflower, 111; 328, Fig. 486. 

Moonseed stem, 260, 262, 266. 

Morning-glory, 329, Fig. 217; corolla, 137, 
Fig. 217; twiner. 111, 312. 

Morphin, 246. 

Morphology, 101. 

Morus alba, 303, Fig. 452; rubra, 303. 

Mosses, 88, 189, 234. 

Mother cell, 238. 

Motherwort, 328. 

Mould, 86, 180, 181. 

Mountain plants, 220. 

Mounting sections, 242. 

Mowing and plants, 223, Figs., 375, 37G. 

Mucilage, 246. 

Muck, 202. 

Mucor, 180, Figs. 318-320. 

Mucus, 246. 

Mulberry, leaves of, 95; shoot. Fig. 84; 
white, 303, Fig. 452; wild, 303. 

Mullein, 3, 16. 332, Fig. 22; hairs, 270; 
inflorescence, 116; pink, 308. 

Mushroom, 85, 180, Figs. 120, 121. 

Muskmelon seedlings, Fig. 143. 

Mustard, 311, Fig. 459; fruit, 152; inclu- 
sions, 249; pod, 147. 

Mycelium : vegetative part of a fungus, 

Mycorrhiza, 87. [ ( 180) , 181. 

Myxomycetes, 235. 

Naked flower: no floral envelopes, (257). 

Narcissus, 35, 295; double. Figs. 234, 435. 

Nasturtium, 314; flower, 126, Fig. 195; 
tendril, 110. 

Natural selection, 231. 

Nectarine, origin of, 229. 

Nectary, 131. 

Needle for dissecting. 126, Fig. 199. 

Nepeta Cataria, 327, Fig. 197. 

Netted- veined, 91. 

Nettle, 304; acid, 246; hairs, 235. 

Nettle-tree, 303. [331. 

Nicotiana alata, 331, Fig. 491 ; Tabacum 



350 



INDEX AND GLOSSARY 



Nicotin. 246. 

Nightshade, 330. 

Nine-bark fmit, 151. 

Nitella, 235. 

Nitrogen, 72, 249. 

Node : a joint ; the ^pace between two 

joints is an internode. 
Nuclear-plate, 239. 
Nucleolus, 234, 239. 
Nucleus, 233, 248. 
Nux vomica, 246. 
Oak, 15, 117, 147,299, Fig. 212; branching, 

54 ; expression, 61 ; monoecious, 133 ; 

transpiration in, 82; where grows, 198: 

kinds 299, 300. 
Oats lodged, Fig. 355; starch, 249. 
Oblong, 94. 
Obovate, 94. 
Obtuse: blunt, (199). 
CEcology: see ecology. 
Offset: a plant arising close to the base 

of the mother plant, (56). 
Oils. 246, 247. 
Okra, 140. 
Oleander leaf, 269. 
Olive tree. Fig. 100. 

Onion bulb, 33, 35, Figs. 45, 46; germina- 
tion, 171; sugar, 246. 
Onoclea, 285, Fig. 310. 
Oogonia, 180. 
05spore, 180. 
Operculum, 191. 
Ophioglossum, 191, Fig. 341. 
Opium, 246. 

Orange, mock, 323; Osage, 303, Fig. 451. 
Orbicular, 94. 
Orchard, 63, 206, 214, 217. 
Orchid flowers, 140, Fig. 225; roots, 90; 

stems, 259; epiphytes, 88. 
Osage orange, 49, 105, 303, Fig. 451. 
Osmosis, 66, Figs. 106-108. 
Osmunda, 285, Figs. 418, 419. 
Ovary: seed-bearing part of a pistil. 
Ovate, 94. [(256). 

Overgrowth, 224. 
Oxalic acid, 246. 
Oxalis, 50, 158, 314, Fig. 273. 
Ox-eye daisy, 115. 337, Fig. 169. 
Oxygen, 72; liberation of, 77, Figs. Ill, 112. 
Palet, 146. 
Palisade cells, 269. 
Palisades of Hudson, Fig. 345. 



Palm, 63, 259. Fig. 98. 

Palmate. 91. 

Panicle: branching raceme, (240) . 

Panicum capiUare, 163. 

Pansy flower. Fig. 196. 

Papaver somniferum, 246. 

Papilionaceous flowers, 138. 

Pappus : peculiar calyx of composites. 

Parallel-veined, 91. [(282). 

Paraphyse, 190. 

Parasite. 85, 200; vs. graft. 22. 

Parenchyma, 236, 252. 

Parsley, 117, 320. 

Parsnip, 3, 117, 325. 

Parted, 92. 

Parts of flower. 122. 

Passion flower, 127. 

Pastinaca sativa. 325. 

Pasturing, 223. 

Patches, 19, 23. 

Pea, 3; black, 319, Fig. 473 ; Everlasting, 
817, Fig. 246: garden, 317, Figs. 190, 
284; stock, 319, Fig. 473; sweet, 317, 
Fig. 222; flowers, 138, Fig. 222; fruit. 
Fig. 246; germination, 166, 171, Fig. 284; 
legume, 151; tendril, 110. 

Peach, 321, Fig. 476 ; phyllotaxy. 49; and 
nectarine, 229 ; bud, 37, 40 ; crystals, 250 ; 
fruit, 153; inclusions, 249. 

Pear, 323, Figs. 63, 101, 102, 182, 266; 
phyllotaxy ,49; 8clerenchyma,257; -apple 
graft, 28 ; bud, 36, 40, Figs. 52, 57, 58, 
61-63,66; fruit, 155, Fig. 266; -hawthorn 
graft, 28 ; inflorescence, 108, Fig. 182; 
leaf -scar, 37; -quince graft, 28; thorns, 
104; tree, 15; form of. 63. Figs. 101, 102. 

Peat, 202. . [(247). 

Pedicel: stem of one flower in a cluster. 

Peduncle: stem of a flower-cluster or of 
a solitary flower, (247). 

Pelargonium hortorum, 314, Fig. 183. 

Peltate: attached to its stalk inside the 
margin, (197), Figs. 126, 135. 

Pentamerous: in 5*8, (271). 

Peony fruit, 151. 

Pepo: fruit of pumpkin, squash, etc., 

Pepper-grass, 312. [(298). 

Pepper, i;ed, 330, Fig. 488. 

Peppermint. 327. 

Perennial: of three or more seasons' du- 
ration, (10). [pistils, (257). 

Perfect flower: having both stamens and 
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Perianth: floral envelopes of lily-like 

plants (more properly of monocoty- 

ledonouB plants) , (275). 
Periblem, 253. 

Pericarp: ripened ovary, (288). 
PeiichaBtia, 190. 

Perigynous: borne around the ovary, 
Peristome, 191. [(283). 

Perithecinm, 183. 

Persistent: remaining attached, (204). 
Personate, 137. 
Petal: one of the separate leaves of a 

corolla, (251). 
Petiolule: stalk of a leaflet, (196). 
Petiole: leaf-stalk, (194). 
Petunia, 330, Figs. 489, 490. 
Phaseolus, 319, Figs. 471, 472. 
Phellogen. 266. 
Phenogam: seed-bearing or flowering 

plant, (325), 286. 
Philadelphus, 323. 
Phloem, 257. 
Phlox, 137, 225, Fig. 218. 
Phosphorus, 72. 
Photosynthesis: the making of organic 

matter from CO,i and water, in the 

presence of light, (163). 
Phyllodium: leaf -like petiole, (214). 
Phyllotaxy: arrangement of leaves and 

flowers on the stem, (111). 
Physostegia inflorescence. Fig. 175. 
Picea, 288, Figs. 270, 271, 424. 
Pie plant, 305, Figs. 78, 79. 
Pigweed, 3, 62, Figs. 372, 383. 384. 
Pine, 15, 287, Pigs. 10, 21, 145, 272, 421-3; 

cone, Fig. 272 ; foliage. Fig. 145 ; stem, 

Fig. 407; tell-tale, Fig. 364;. trees, Fig. 

353; pollination, 132. "- 
Pink, 307; dehiscence, 152, Fig. 250. 
Pinnate, 91. 
Pinnatifld, 92. 

Pinus. 287. Fig. 421-423. f g^n. (253) . 

Pistil: ovule-bearing or seed-bearing or- 
Pistillate: having pistils and no stamens, 
Pisum sativum, 317, Figs. 190, 284. K257). 
Pitchforks, 162. 
Pits. 237. 
Plankton, 199. 
Plantain inflorescence, 116. 
Plant-breeding, 231. 
Plant-food defined, 64. 
Plasmodium, 235. 



Plerome, 253. 

Plum, 20, 321, Figs. 194. 262, 478, 479 

phyllotaxy, 49; pollination. Fig. 202 

blossom. Fig. 194; drupe, 153, Fig. 262 

thorns, 104. 
Plumule: bud in the embryo, (305). 
Plur-annual : of one season's duration 

because killed by frost, (14). 
Pod: dehiscent pericarp, (287). 
Poinsettia bracts, lu7; starch, 247-249. 
Polarity, 50. 

Polianthes tuberosa, 296. 
Pollards, 54, Fig. 87. 

Pollen germinating. Fig. 203. [175^ 

Pollen: spores borne by the stamen, (254), 
Pollination: transfer of pollen from sta* 

men to pistil, (263). [(279). 

Pollinium : pollen in a coherent mass, 
Polygonatum, 294. j'io8. 

Polygonum, 306, Figs. 193, 455; climbingj 
Polyhedral, 233. 
Polypetalous : corolla of separate parts 

or petals, (251). 
Polypode, 173, 285, Figs. 306, 307. 
Polyporus, Fig. 121. 
Polysepalous: calyx of separate paris or 

sepals, (251). 
Polytrichum commune, 189, Figs. 338-340. 
Pome: fruit of apple, pear, etc., (298). 
Poplar bud, 36 ; cuttings, 27 ; dioecious, 

133; inflorescence, 117; phyllotaxy, 49; 

shape, 60, Fig. 97; seeds, 161. 
Poppy, opium, 246. 
Portulaca fruit. Fig. 254. 
Pot marigold, 337. 
Potassium, 72; hydroxide, 241. 
Potato, 16, 35, 153. 330, Figs. 24. 42, 219; 

and osmosis, 68; cuttings, 24; flower. 

137, Fig. 219; inclusions, 249; onion, 33, 

Figs. 45, 46; sprouts, 31, 76, 85, Fig. 42; 

starch, 31, 35, 248, 249, Fig. 42; sweet. 
Potato-tomato graft, 28. [16, 329. 

Potentilla, 320. 
Prickles, 105. 
Prickly ash, 105, Fig. 157. 
Primrose fruit. Fig. 249. 
Primula Sinensis, 270. 
Prince's feather, 306. 
Propagation by buds, 22; leaves, 22; roots. 
Prophase, 239. [20. 

Prosenchyma, 255. 
Prostrate plants, 204. 
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Protein, 249. [(265). 

Proterandrous : anthers maturing first, 
Proterogynous : pistils maturing first, 
ProthaUus, 173, Fig. 312. [(285). 

Protococcus, 233, 234. 
E*rotonema, 101. 
Protoplasm, 80, 233. 
Prunus, 321, Pigs. 478-480. 
Pseud-annual: perennial by means of 

tubers, bulbs, etc., (13). 
Pteridophyte, 176. 

Pteris aauilina, 173, 237, 286, Pigs. 125, 308. 
E^iccinia graminis. 183, Figs. 325-330. 
E^ilse family, 316. 
Pumpkins and com, 213, Fig. 358; flower, 

137; collencbyma, 254; fruit, 155; hairs, 

270; roots. 268. 
Pussies of wiUow, 117, Fig. 213. 
Pyrus, 823. 

Pyxis: pod opening around the top, (292), 
Quackgrass, 19, 20. [Fig. 254. 

Quercus, 299, Figs. 441-447. 
Quillwort, 193. 

Quince fruit, 155. Quince-pear graft, 28. 
Raceme: simple elongated indeterminate 

cluster with stalked flowers, (237) , Fig. 
Radial, 261; bundles, 267. [173. 

Radish and light, 42, Fig. 70; fruit, 152; 

root, 7, 13, 17. 64, Figs. 11, 103. 
Ragweed, 222. 225, 336, Fig. 497; great, 336. 
Ranunculus, 309. 
Raphides. 250. 
Elaspberry, 20, 21, 161, 322, Fig. 283; fruit, 

153; leaf. Fig. 128. 
Ray; outer modified florets of some com- 
posites, (282). 
Reagents, 241. 

Receptacle, 123; of liverwort, 187. 
Elegular flower: the parts in each series 

aUke, (258). 
Reinforced fruit: other parts grown to 

the perisarp, 153, (286). 
Reniform, 94. 
Resins, 246. 
Respiration: taking in O, giving off 

COa, (172, 173); in seeds, 165. 
Resting-spore, 179. 

Pheum Rhaponticum, 305, Figs. 78, 79. 
Rhizome: underground stem ; rootstock, 

(44), 19; starch in, 31. 
Rhododendron anther, 129. 
Rhubarb, 3. 38, 45, 305, Figs. 78, 79. 



Ribes, 324, Figs. 481-483. 

Rice starch, 249. 

Richardia Africana. 290, Fig. 427. 

Rind, 259. 

Rings of annual growth, 107. 283. 

Robinia spines, 105. 

Root- climbers, 108; cutting, 21; -hairs, 9, 
12, 84, Figs. 11, 103-105, 110; -pressure, 
89, 73, Fig. 109; system, 7; excrete. 71 
how elongate, 17; need air, 70 ; propa 
gatton by, 20; structure, 259, 267. 

Rootstock : subterranean stem ; rhi- 
zome, 19, (44). [323. 

Rosa Carolina, 323; humilis. 323; lueidai 

Rose cutting. Fig. 34 ; family, 319 : hip, 
155, Fig. 265; mallow, 313; -moss, Fig. 
254 ; of Sharon, 313 ; swamp, 323 ; 
climbing, 108; prickles, 105. 

Rotate, 137. 

Rubus, 322, Figs. 158, 283. 

Rudbeckia hirta, 337. Fig. 498; laciniata, 

Rumex, 305, Fig. 453. [337. 

Runner: a trailing shoot taking root at 
the nodes, (58). 

Russian thistle, 183, Fig. 99. 

Rust, 85, 183. 

Rye flower. 146. Fig. 239. 

Saccharose, 245. 

Sacred lily, Chinese, 295, Fig. 435. 

Sage, common, 107, 327; scarlet, 327. 

St. John's-wort, 125, Figs. 192, 252. 

Salt-loving societies, 219, Fig. 371. 

Saltpeter, in osmosis, 68. 

Salverform, 137. 

Salvia of&cinalis, 327; splendens, 327. 

Samara : indehiscent winged pericarp 
(287). 

Sambucus Canadensis, 334; racemosa. 334. 

SapindaceaB, 315. 

Saponaria officinalis, 307. 

Saprophyte, 85, 88, 200. 

Sassafras, 136. 

Saxifragaceae, 323; crystals. 250. [(390). 

Scalariform: with elongated markings, 

Scape: leafless peduncle arising from the 
ground. (248). 

Scenery and plants, 202. 

Sclerenchyma, 238. 257. 

Scouring rush. 193. 

Scramblers, 108. 

Scrophulariaceaa, 331. 

Secondary thickening, 263- 
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Bedces, phyllotazy, 49. 

Seed: a reproductive body containing an 
embryo plant, 5. 

Seed, coats, 164; starch in, 31; dispersal, 
158; -variations. 228. 

Selection, 231. 

Self-fertilization: secured by pollen from 
same flower; close-fertilization, (26G). 

Self-heal, 327. 

Self-pollination: transfer of pollen from 
stamen to pistil of same flower; close- 
pollination, (263). 

Qepal: one of the separate leaves of a 
calyx, (251). 

Septicidal: dehiscence along the parti- 
tions, (292). 

Serrate: saw-toothed, (200). 

Sessile: not stalked, (195). 

Shade and leaves. 98; and plants, 215. 

Shadows in trees, 61. 

Sharon, Rose of, 313. 

Sheep and plants, 224. 

Sheepberry, 334, Fig. 279. 

Sheep sorrel, 305, Fig. 453. 

Shepherdia, hairs, 270. 

Shepherd's purse capsule, 152, 311, Fig. 

Sieve tissue, 254. [259. 

Silic'e: short fruit of CruciferaB, (293). 

SUique: long fruit of Cruciferae, (293). 

Siiphium, 50. 

Simple pistil: of one carpel, (255). 
# Sinistrorse; lefl-handed, (231). 

Skunk cabbage, 141, 225, 250, 290. 

Sleep of leaves, 50. 

Slips, 24. 

Smartweed. 125, 136, 148, 305, 306. 

Smilacina racemosa, 294; stellata, 294. 

Smilax of florists. 103. 294, Fig. 434. 

Smilax tendril, 111. 

Snapdragon, 137, 332, Fig. 220. 

Snowball, 145, Figs. 236, 237, 334. 

Sno wherry, Fig. 260. 

Snowdrop, 296, Fig. 436. 

Snowflake. 296. 

Soapberry family, 315. 

Soapwort, 307. 

Societies, 219. 

Softwood cutting, 24. 

Soil and plants, 200; and variation, 200; 
holds moisture, 70; water from, 64. 

Solanum, 108, 330, Figs. 42, 219, 261. 

Solidago, 339. 



Solitary flowers, 115. 

Solomon's seal, 294; false, 294. 

Soredia, 186. 

Sori, 172, 184. 

Sorrel, 305, Fig. 453. 

Spadix: thick or fleshy spike of certain 
plants, (280). 

Spanish bayonet, 102; moss, 88. 

Spathe: bract surrounding or attending 
a spadix, (280), 141. 

Spatulate, 94. 

Spearmint, 327. Fig. 484. 

Species, 275. • 

Spencer, quoted, 231. 

Spermatozoids, 190. 

Sperm-cell, 180. 

Spiderwort, 235. 

Spike: compact more or less simple, in- 
determinate cluster, with flowers ses- 
sile or nearly so, (238), Figs. 174, 175. 

Spikelet: a secondary spike; one of a 
compound spike, l46. 

Spikenard, false, 294. 

Spines, 104, 105. 

Spirea inflorescenoe, 117, Fig. 179. 

Spirogyra, 178, 233, 234, Fig. 313, 314. 

Spleenwort, 286. 

Sporangia of ferns, 172; stamens, 124. 

Sporangiophore, 181. 

Spore: a simple reproductive body, usu- 
ally composed of a single detached cell, 
containing no embryo, 5, 86, 172, 180. 

Spore-case, 172. 

Sporogonium, 188. 

Sporophyll, 176. 

Sporophyte. 174, 194. 

Spruce, 15. 288, Figs. 270, 271, 424. 

Spruce cone. Fig 271; seed. Fig. 155. 

Squash fruit, 155, Fig. 289; germination, 
171; Guinea, 330, Fig. 261; hairs, 105, 
235; roots, 268. 

Squirrels and birds, 47, 162. 

Stains, 241. 

Stamen: pollen-bearing organ, (253). 

Staminate: having stamens and no pis- 
tils, (257). 

Stand, dissecting, 127, Fig. 201, 

Starch and sugar, 246; as plant-food, 64; 
discussed, 247-249; how made, 77, 78; 
storage of, 31. 

Steeple, compared with plants, IS 

Stellaria media, 308, Fig. 457. 
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SteUate, 233. 

Stem, how elongates, 17; stincture, 259; 
system, 14; tuber, 33. 

Stemless plants, 15. 

Sterile flower: no stamens or pistils, 

Stick-tight. 162. [(257). 

Stigma: i>art of the pistil which receives 
the pollen, (256). 

Stipel: stipule of a leaflet, (196). 

Stipule: a certain basal appendage of a 
leaf, (194) ; as spines, 105. 

Stock: the part on which the cion is 
grafted, (69). • 

Stolon: a shoot which bends to the 
ground and takes root, (56) 

Stomate, 75, 271, 273. 

Stone fruit, 153. 

Storehouses, 31. 

Strawberry, 320, Fig. 475; plant, 15, 21; 
fruit, 153, 155, Fig. 264. 

Struggle for existence, 52, 209. 

Strychnin, 246. 

Style: elonerated part of the pistil be- 
tween the ovary and stigma, (256). 

Suberin, 236. 

Suckers, 54; of fungi, 86. 

Sugar, 245. 246. 

Sulfur, 72. 

Summer-spore, 183. 

Sunflower, 3, 19, 338, Figs. 3, 4, 23, 27; 
doubling, 145; family, 334 ; inflores- 
cence, 116, Fig. 177; rays, 143; society 
225; transpiration in, 82. 

Sunlight and plants, 42, 214. 

Supernumerary buds: more than one in 
an axil, (87). 

Survival of the flttest, 231. 

Swamp plants, 199, 219. 

Swarm-spore, 179. 

Sweet ftlyssum, 311, Fig. 460. 

Sweet pea, 110, 317, Figs. 165, 222. 

Sweet potato, 16, 329. 

Sweet WUliam, 307, Fig. 456. 

Sycamot^, 273, Fig. 417. 

Symbiosis, 186. 

Symphoricarpus fcetidus, 290. 

Sympodial: axial growth continued by 
successive lateral shoots, 113. 

Syngenesious: anthers united in a ring, 

Syringa, 323. 1(282). 

Tabular, 233. 

Tamarack, 288. 



Tanacetum vulgare, 338. 

Tannin, 246. 

Tansy, 338. 

Tap-root, 7. 

Taraxacum ofKcinale, 336, Figs. 8. 275. 

Teasel, 3. 

Tecoma, 10; capsule 152, Fig. 258. 

Teleutospore, 184. 

Telophase, 240. 

Tendril, 109; roots as, 10. 

Terrestrial, 199. 

Thallophyte, 176, 178. ThaUus, 178. 

Thistle, 142, 338, Figs. 228-230, 276; down, 

161. Fig. 276; Russian, Fig. 99. 
Thorn spines, 104, Figs. 152-155. 
Thoroughwort, 340, Fig. 159. 
Thyrse: compound cluster with main 

axis indeterminate and branches de- 
terminate, (245). 
Thuja, 288. 
Tiers of branches, 54. 
Tiger-flower, 333, Fig 494 ; lily ,292, Fig. 30. 
TUlandsia. 88. 
Tissues, 252; systems, 257. 
Toadflax, 20, 23, 332, Figs. 255. 492; 

flower, 137; pollination, 132, Fig. 211. 
Toadstools, 180. 

Tobacco, 331; cell-sap, 246. [28. 

Tomato, 121, 330, Fig. 186; fruit, 153; ^raftj 
Torus: part or organ to wnich the parts 

of the flower are attached; upper end 

of the flower-stalk, (252). 
Touch-me-not, 314. 
Toxylon pomiferum, 303, Fig. 451. 
Tracheids, 256. 
Tradescantia, 235, 238. 
Transpiration, giving off of water, (174). 
Trees, forms of, 59; struggle in, 53. 
Trifaftum, 317, Figs. 82, 468. 
Trillium, 138, 293, Fig. 221; society, 225. 
Trimerous: in 3's, (271). 
Tropaeolum, 314, Fig. 195. 
Trumpet-creeper, 10, 152, Fig. 258. 
Truucate : appearing as if cut off ; 

squared, (199), Fig. 141. 
Tsuga Canadensis, 288, Fig. 425. 
Tuber: short congested part, (77). 
Tuberose, 296. 

Tulipa Gesneriana, 292; suaveolens, 292. 
Tulip- tree fruits, 160; leaf, Fig. 141. 
Tumble-weeds, ;63. [226 

Turnip, 7. 13; fruit, 152; Indian. 290. Figi 
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Walnut buds. 37. 133, MT. 


Twig*. MbIoit ot, 56: «Urcb in, 32, Fig. 


Water, hair the plsnt takei. H; lllr. 3, 


TirineiB, lOS, 111. 




H3. 


m-. pores. an: Footaiwarchtor.e. 






Khes 




Umbel; co^boBed'oiWrwii 


bra. 


Wu tor gnftiuK. 30. 


or about equst leaeth ond v 


■toE 


rom 


WM-worli, twiner. 112. 








Weeds, 214, 222. 


Dmbeilet: BeoondatT umbel, (M2). 




Wheat field. Fig, 357, flower. 14S, Fig, 


UmbeUifem. 126. 






23Si India, 305; rust, 183, Fig». 325-»30i 










Undnlate: wnvy, 1200). 








Urodospore, 1»5, 






Whorh three or more leaves or flowers al 


Urtica diol«, 3M: ip«ili», 3« 






one node, (112). 


Vacuole, K*. 






William. Sweet, 307, Flj. 468. 


Valves: lepanibis parti ol a 


pod, (287). 


Willow bndi, 41, Fig. SS: cutting., 21: 
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